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You are to implement a two-pass linker in C, C++, oraJand submit thesourcecode, which we will compile and
run.

The target machine is word addressable and has a memory of 600 words, each consisting of 4 decirialedigits.

first (leftmost) digit is the opcode, which is unchanged by thetinkhe remaining three digits (called the address

field) are either (1) an immediate operand, which is unchanged; (2) an absolute address, which is unchanged; (3) a
relative aldress, which is relocated; or (4) atteznal address, which is resetl: Relocatingelative aldresses and
resolving external references were discussed in class and are in the notes.

Input consists of a series of object modules, each of which contains three parts: definition list, use list, and program
text.

The linker processes the input twice (that isyvithis called two-pass). Bss one determines the base address for

each module and the absolute address for each external symbol, storing the later in the symbol table it produces.
The first module has base address zero; the base address for module I+1 is equal to the base address of module | plus
the length of module IThe absolute address for symbol S defined in module M is the base address of M plus the
relative aldress of S within MPass two uses the base addresses and the symbol table computed in pass one to gen-
erate the actual output by relocating refatiddresses and resolving external references.

The definition list is a count ND followed by ND pairs (S, R) where S is the symbol being defined and R is the rela-
tive address to which the symbol refelBass one relocates R forming the absolute address A and stores the pair (S,
A) in the symbol table.

The program text consists of a count NT followed by NT pairs (type, word), where word is a 4-digit instruction
described abe and type is a single character indicating if the address in the wbrdnsdiate Absolute,Rela-
tive, or External. NTis thus the length of the module.

The use list is a count NU followed by the NU external symbols used in the mddute.reference in the program
text with address K represents the Kth symbol in the use list, using 0-based cotratiegample, if the use list is
“2fg", then an instruction “E 7000¢ efers to f, and an instruction “E 500t&fers to g.

Other requirements: error detection, arbitrary limits, and space used.

To receved full credit, you must check the input for various errors. All error messages produced must be informa-
tive, eg., “Error: The symbol ‘diagonal’ was used but not defingchas been gen the value 0. You should con-
tinue processing after encountering an error and should be able to detect multiple errors in the same run.

 |If a symbol is multiply defined, print an error message and use the vakreigithe first definition.

 If a symbol is used but not defined, print an error message and use the value zero.

« |If a symbol is defined but not used, print a warning message and continue.

« |f an address appearing in a definition exceeds the size of the module, print an error message and treat the address
given as 0 (elative).

« |f an external address is too large to reference an entry in the use list, print an error message and treat the address
as immediate.

¢ |f a ymbol appears in a use list but it not actually used in the module (i.e., not referred to in an E-type address),
print a warning message and continue.

« |f an absolute address exceeds the size of the machine, print an error message and use the value zero.

« |f arelative aldress exceeds the size of the module, print an error message and use the value zero.

You may need to set “arbitrary limits”, for example you may wish to limit the number of characters in a symbol to
(say) 8. Any such limits should be clearly documented in the program and if the iaifsitd meet your limits, your
program must print an error message and continue if posdileirally the limits must be large enough for all the
inputs on the webUnder no circumstances should your program reference an array out of bounds, etc.

During each pass, your linker must processes one module at a time. It must use space proportional to the size of one
module not to the total size of the input prograhime one exception is the symbol table, which in theory could as

big as the program,ub in practice is much smallein particular you CANNOT read all the input for all the mod-

ules at once. Instead, you read one module, then process it, then read the next modiiées etquirement does

NOT make the program hardgjust better.
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There are seeral sample input sets on the webhe first is the one beland the second is an re-formattestsion
of the first. Some of the input sets contain errors that you are to detect as describedV@dill run your lab on
these (and other) input setBlease submit the SOURCE code for your lab, together with a README file (required)
describing hw to compile and run it.Your program must either read an input set from standard input, or accept a
command line grument giving the name of the input file; README specifies which option you chfmeemay
develop your lab on apmachine you wish, it must insure that it compiles and runs on the NYU system assigned to
the course. The expected output is also on the webme knav right avay if you find ay errors in the output.

1xy2

2zxy

5R 1004 15678 E 2000 R 8002 01

0

1z

6 R 8001 E 1000 E 1000 E 3000 R 10021410

0

1z

2 R 5001 E4000

1z2

2Xxyz

3 A 8000 E 1001 E000

The following is output annotated for clarity and class discussfonr output is not expected to be this fianc

Synbol Tabl e
xXy=2
z=15
Menmory Map

+0

0: R 1004 1004+0 = 1004
1: | 5678 5678
2: Xxy: E 2000 ->z 2015
3: R 8002 8002+0 = 8002
4: E 7001 ->xy 7002
+5

0 R 8001 8001+5 = 8006
1 E 1000 ->z 1015
2 E 1000 ->z 1015
3 E 3000 ->z 3015
4 R 1002 1002+5 = 1007
5 A 1010 1010
+11

0 R 5001 5001+11= 5012
1 E 4000 ->z 4015
+13

0 A 8000 8000
1 E 1001 ->z 1015
2 z: E 2000 ->xy 2002



