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I. Procedure subsTurk 

Ia. Algorithm Overview
Inputs

: String address, and length

Outputs
: Number of replacements

What it Does
: The subsTurk procedure, takes a UNICODE string and changes the Turkish characters with their corresponding Latin letters, i.e. ç, Ç, ğ, Ğ, ı, İ, ö, Ö, ş, Ş, ü and Ü with c, C, g, G, i, I, o, O, s, S, u, U, respectively. Upon return, the original string is modified such that all Turkish characters are replaced. 

How it Does
: In order to do this task, we look at each character of the UNICODE(2-byte) string and check if it is one of the Turkish characters or not, by simply testing with 12 conditional statements. When a replacement is made, a count variable is incremented such that it will give the number of total replacements in the end. So, the algorithm complexity is O(12n) = O(n) where n is the number of characters in the string.
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Figure 1.1: Example replacement scenario

Ib. Pseudocode



Ic. Mips implementation



II. Procedure analyze_txt

IIa. Algorithm Overview

There are two types of execution in this procedure. One is word frequency; the other is character frequency analysis. The main algorithm is developed for word frequency analysis, and for the other one, the original string’s characters are copied into memory with an extra space between them, in order to make them one character words. Then the same procedure for counting words is applied. 

The main algorithm consists of 5 basic steps:

1- Starting from the first character of the string, each character is visited and word starts are recorded into another array (an array placed in stack actually), with their count variables, initialized to 1. This part’s complexity is O(m) where m is the number of characters in the given string. Example realization is as in Figure 2.1.

Array Start


         Element 2
              



	Word1 Address

0x0022ffeeb0
	Word1 Count

1
	Word2 Address

0x0022ffeeb8
	Word2 Count

1
	…


Figure 2.1: Example array realization

2- Then in this array of size n (number of words), we search every word and increment corresponding word’s count variable. Also, if the same word appear later in the array, its count variable is set to -1 to indicate that this word has a duplicate encountered before, and no need to process. This part has O(n2) complexity. Because it performs a search with approximately n2/2 comparisons.

For example if the original string is  as in Figure 2.2.

	Addresses

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	a
	h
	m
	e
	t
	
	m
	e
	h
	m
	e
	t
	
	a
	h
	m
	e
	t
	
	e
	m
	i
	n
	0


Figure 2.2: Example of String Addressing

The array contents will be as in Figure 2.3.

	0
	2
	6
	1
	13
	-1
	19
	1

	ahmet
	Its count
	mehmet
	Its count
	ahmet
	Its count
	emin
	Its count


Figure 2.3: Example array contents

3- In this step, the above array will be sorted according to number occurrence and alphabetical ordering. For sorting purposes, the usual Bubble Sort algorithm is used because of its simplicity. 

After sort, the array will look like as in Figure 2.4.

	0
	2
	19
	1
	6
	1
	13
	-1

	ahmet
	Its count
	emin
	Its count
	mehmet
	Its count
	ahmet
	Its count




Figure 2.4. Example array contents after sorting 

4- We choose (at max 5) the words with count variable greater than 1. Simply, traverse the array given in Figure 2.4, and look at count variables of each word. This loop will turn at most 5 times , so the algorithmic complexity is O(1). For the specific example presented in Figure 2.2 to 2.4, only word “ahmet” will be chosen because, it is the only word with count variable greater than 1.

5- The final step is copying the chosen words into the stack, as required in the project description. Starting from the last word to be copied, each word’s characters are placed in stack byte by byte, with a following NULL character and their count variable. Note that for character frequency analysis, each count variable is transformed into its percentage. Final stack contents will be as in Figure 2.5:

	0
	1
	2
	3
	4
	5
	6
	7

	a
	h
	m
	e
	t
	\0
	2
	\0


Figure 2.5: Example stack contents(address 0 is stack’s top)

IIb. Pseudocode









IIc. Mıps Implementation











III.  
Procedure byte_reverse

IIIa. Algorithm Explanation

In this procedure, noting the following relationship between the choice variable and the data size in bytes will be useful.

Choice 1 -> 16 bit data -> 2-bytes, 

Choice 2 -> 32-bit data -> 4-bytes,

Choice 3  -> 64-bit data -> 8-bytes

2choice+1  = Data Size in bytes

Array consists of N data items as shown in Figure 3.1

	DATA ITEM 1
	DATA ITEM 2
	…
	DATA ITEM N


Figure 3.1: Example Array contents

The length N is given as input. So, a loop is constructed for reversing the bytes of each data item.

For the reversal, we loop m/2 times where m is the data length, and swap the contents of item[i] and item[m-i-1], where indexing variable, i, is between 0 and m/2.  An example realization is shown in Figure 3.2 below.



	0
	1
	2
	3
	4
	5
	6
	7

	Byte7
	
	Byte2
	Byte3
	Byte4
	Byte5
	
	Byte0




Figure 3.2: Example byte reversal of a data item with 8-bytes

So, this part takes O(mn) complexity.

IIIb. Pseudocode


IIIc. Mips Implementation


IV. Procedure expr_eval
IVa. Algorithm Explanation

Postfix expressions are evaluated using stacks. For example, “2 3+” means “2+3” in infix notation, and gives 5 as a result. The algorithm is simple, 

1. If a number is encountered, push it to stack

2. If an operator is encountered, pop two numbers from stack, and evaluate them with given operator, and finally push the result into the stack, as if it is a previously encountered number. This procedure continues till the end of string or when an illegal character is encountered, or when stack gives an exception, i.e. we try to pop items when stack is empty.

A simple realization with stack for “23+4*” expression is presented in Figure 4.1.
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Figure 4.1: Stack Realization of Postfix evaluation

For the single digit implementation, the actions are simple. We examine each character, decide if it is digit or operator and take action. For multi digit, we need a more enhanced algorithm. The block diagram of the alg. is depicted in Figure 4.2.

IVb. Pseudocode



IVc. Mips Implementation




Example Add:       0x00     0x02      0x04      …





String





  Replace with ‘G’





Current char, ‘Ğ’





Check if it is Turkish





#######################################################################


# 	Algorithm: Each character of the input string is visited and compared with each of the 	#


#	Turkish characters. If it matches one of the blacklisted chars, then it will be replaced with	# 


#	corresponding Latin alphabet character						#


#	List of scalar variables			Equivalent MIPS register			#


#	countReg				$v0					#


#	ptrReg					$s0 = $a0				#


#	charReg					$t0					#


#	subsReg					$t1					#


#	lengthReg				$s1 = $a1				#


#	stackReg					$sp					#


#											#


#	List of data structures			Equivalent name in spec.			#


#	[ptrReg]					Input					#


#	[stackReg]				Stack					#


#											#


#######################################################################


subsTurk:


	stackReg = stackReg – 8			# Open space for 2 elements


push(ptrReg)				# Save ptrReg’s old value


push(lengthReg)				# Save lengthReg’s old value





if( lengthReg == 0)			# If length is 0, then no replacements will be made


		return 0;				# So, return 0





ptrReg = string				# Save string address


lengthReg  = length			# Save length


countReg = 0				


# Initialize number of replacements to 0





loop:	charReg = [ptrReg]		# get current char


	subsReg = ‘C’			# replacement char is ‘C’


	if( charReg == ‘Ç’ ) 		# if current char is ‘Ç’, replace with repl. char


		goto changeLetter	


subsReg = ‘c’			# If not, program will continue executing


	if( charReg == ‘ç’ )			# If cur. Char is ‘ç’, replace it with ‘c’


		goto changeLetter


subsReg = ‘G’			# If cur. Char is ‘Ğ’, replace it with ‘G’


	if( charReg == ‘Ğ’ )


		goto changeLetter


subsReg = ‘g’			# If cur. Char is ‘ğ’, replace it with ‘g’


	if( charReg == ‘ğ’ )


		goto changeLetter


subsReg = ‘I’			# If cur. Char is ‘İ’, replace it with ‘I’


	if( charReg == ‘İ’ )


		goto changeLetter


subsReg = ‘i’			# If cur. Char is ‘ı’, replace it with ‘i’


	if( charReg == ‘ı’ )


		goto changeLetter


subsReg = ‘O’			# If cur. Char is ‘Ö’, replace it with ‘O’


	if( charReg == ‘Ö’ )


		goto changeLetter


subsReg = ‘o’			# If cur. Char is ‘ö’, replace it with ‘o’


	if( charReg == ‘ö’ )


		goto changeLetter


subsReg = ‘S’			# If cur. Char is ‘Ş’, replace it with ‘S’


	if( charReg == ‘Ş’ )


		goto changeLetter


subsReg = ‘s’


	if( charReg == ‘ş’ ) 		# If cur. Char is ‘ş’, replace it with ‘s’


		goto changeLetter








subsReg = ‘U’			# If cur. Char is ‘Ü’, replace it with ‘U’


	if( charReg == ‘Ü’ )


		goto changeLetter


subsReg = ‘u’			# If cur. Char is ‘u’, replace it with ‘ü’


	if( charReg == ‘ü’ )


		goto changeLetter


goto continueSubs





changeLetter:	 [ptrReg] = subsReg	# Replace turkish char with its corresponding


countReg++		# latin char, and increment number of changes





continueSubs:	ptrReg = ptrReg + 2	# Move 2-byte forward (UNICODE)


		lengthReg--		#Decrement remaining chars


		if( lengtReg != 0 )		#If length of the remaining string is not 0


			goto loop	# do this process again


		


	


	pop(lengthReg)


	pop(ptrReg)


	stackReg = stackReg + 8		# Store stack back


return(countReg)			# finally return number of replacements





# a0: STR: Main String


# a1: N  : number of characters


# v0: number of replacements


# this header is NOT complete !!!


# for this MIPS code to be self-documenting, it needs to be complete like the pseudocode header





subsTurk:


	beq $a1, $zero, ExitSubs	# If number of characters is zero, jump to the end


	


	addi $sp,$sp,-8			# Open space for two words, s0 and s1


	sw $s0, ($sp)			# Push s0 register


	sw $s1, 4($sp)			# Push s1 register


	


	move $s0, $a0			# Start Address


	move $s1, $a1			# Number of Characters


	move $v0, $zero			# Initiate number of changes as zero


LoopSubs:


	lh $t0, ($s0)


	


	addi $t1, $zero, 'C'		# Letter 'C'


	beq $t0, 'Ç', changeLetter	# if Letter is 'Ç', change to 'C'


	


	addi $t1, $zero, 'c'		# Letter 'c'


	beq $t0, 'ç', changeLetter	# if Letter is 'ç', change to 'c'


	


	addi $t1, $zero, 'G'		# Letter 'G'


	beq $t0, 'Ğ', changeLetter	# if Letter is 'Ğ', change to 'G'


	


	addi $t1, $zero, 'g'		# Letter 'g'


	beq $t0, 'ğ', changeLetter	# if Letter is 'ğ', change to 'g'


	


	addi $t1, $zero, 'I'		# Letter 'I'


	beq $t0, 'İ', changeLetter	# if Letter is 'İ', change to 'I'


	


	addi $t1, $zero, 'i'		# Letter 'i'


	beq $t0, 'ı', changeLetter	# if Letter is 'ı', change to 'i'


	


	addi $t1, $zero, 'O'		# Letter 'O'


	beq $t0, 'Ö', changeLetter	# if Letter is 'Ö', change to 'O'


	


	addi $t1, $zero, 'o'		# Letter 'o'


	beq $t0, 'ö', changeLetter	# if Letter is 'ö', change to 'o'


	


	addi $t1, $zero, 'S'		# Letter 'o'


	beq $t0, 'Ş', changeLetter	# if Letter is 'ö', change to 'o'


	


	addi $t1, $zero, 's'		# Letter 'o'


	beq $t0, 'ş', changeLetter	# if Letter is 'ö', change to 'o'


			


	addi $t1, $zero, 'U'		# Letter 'o'


	beq $t0, 'Ü', changeLetter	# if Letter is 'ö', change to 'o'


	


	addi $t1, $zero, 'u'		# Letter 'o'


	beq $t0, 'ü', changeLetter	# if Letter is 'ö', change to 'o'


	


	j continueSubs


	


changeLetter:


	sh $t1, ($s0)		# Substitute turkish character


	addi $v0, $v0, 1		# Increment number of changes


	





continueSubs:


	addi $s0, $s0, 2		# Increment string pointer


	addi $s1, $s1, -1		# Decrement number of remaining characters


	bne $s1, $zero, LoopSubs	# If remaining characters is greater than zero loop back


	


	# Done, Exit #


	lw $s1, 4($sp)		# Retrieve old s1


	lw $s0, ($sp)		# Retrieve old s0


	addi $sp, $sp, 8		# Retrieve old stack pointer


	


ExitSubs:


	jr $ra





Ahmet appears first at address 5, so ahmet at address 13 becomes unimportant for us, we dont need to instances of the same word in the toplist. So, the ones with count -1 are pushed back in the array





Most occuring word appears at start





Both emin and mehmet occurs once, but emin comes before mehmet because it is alpahetically comes before mehmet, too.





#######################################################################


# 	Algorithm:  The general algorithm consists of five consecutive steps.			#


#		      1 – Count number of words and record their addresses into the stack		#


#		      2 - Count each word’s occurence by looping n^2 times where n is number 	#


#			of words in the string. Second occurence of a word is marked with -1.	#


#		      3 – Then, sort these counted words; the marked ones will appear in the end	#


#			of the list. They’ll not be counted. (Bubble Sort is used)			#


#		      4 – Choose (maximum) 5 of these sorted words. Simply, the first (max) 5 of	#


#			the elements in the array(array is constructed in the stack)		#


#		      5 – Copy the chosen words into the stack in the format given in project desc.	#


#	Note: For character frequency analysis, firstly a space character is put between each char of	#


#	the input string and each character is treated as a word. Then, the five steps above are 	#


#	implemented. 									#


#	Also, for character frequency analysis, an additional subroutine is written for converting	#


#	number of occurence information into frequencies.					#


#											#


#	List of scalar variables			Equivalent MIPS register			#


#	choiceReg				$s0 = $a1				#


#	strReg, listReg				$s1 = $a0				#


#	nWordsReg				$s2					#


#	prevCharReg, iReg			$s3					#


#	jReg, sortChangeReg			$s4					#


#	nextElmReg				$s5					#


#	temp3Reg				$s6					#


#	neededSizeReg, charReg			$t0					#


#	tempReg					$t1					#


#	newStringReg, temp2Reg, countReg		$t2					#


#	strCopyReg				$t3					#


#	temp3Reg				$t4					#


#	temp4Reg				$t5					#


#	temp3Reg				$t6					#


#	temp4Reg				$t7					#


#	resultReg				$v0					#


#	stackReg					$sp					#


#	frameReg				$fp					#


#											#


#	List of data structures			Equivalent name in spec.			#


#	[strReg]					Input					#


#	[stackReg]				Stack					#


#	[listReg]					List					#


#											#


#######################################################################


analyze_txt(strReg, choiceReg)


	if( choiceReg != 1 )


		call strLen(strReg, 1)		# Count number of characters


		neededSizeReg = 2 * resultReg + 1	# Needed size for extending string


		newStringReg = stackReg – neededSizeReg # Open free space in stack


strCopyReg = strReg





ch2word: 


		tempReg = [strCopyReg]		# Get i.th character


 		[newStringReg]  = tempReg		# Copy it to new string


		if( tempReg != 0 ) 			# If it’s not string’s end, copy an additional ‘space’


			tempReg = ‘ ‘


			[newStringReg] = tempReg


			strCopyReg++		# Increment both str and newStr pointers


			newStringReg = newStringReg  + 2


		    else 	


goto end_ch2word	# If zero encountered, finish conversion


	end_ch2word:


		


strReg = strCopyReg			# Now, save the new string address





##### Algorithm Step 1: Count number of words and record their addresses #####


nWordsReg = 0				# number of words


prevCharReg = 0				# 0 if, previous char is alphabetical


words_loop:


	charReg = [strReg]				# Get current char


	strReg++					# Increment string pointer


	if( charReg == ‘ ‘ )				# if character is space


	            prevCharReg = 0			# indicate that prev char is not alphabetical


	   else if( charReg == 0 )			# If character is NULL, end loop


	            	       goto exit_words_loop


	                else 


		       stackReg = stackReg – 8		# Open space for 2 words in stack


		       push(1)			# Store 1 for initial count


		       push(strReg-1)		# Store word address       		


		       nWordsReg++			# Increment nWords 


	goto words_loop				# Examine next character





exit_words_loop:





####### Exceptional cases: nWordsReg = 0 or 1 ########


If( nWordsReg > 1 ) 


goto continue_with_step_2		# There are more work to do, continue 


   	else


		push(0)				# Push NULL ch to the stack, meaning end of list.


		goto analyze_txt_finish





##### Algorithm Step 2: Count each word’s occurence #####	


continue_with_step_2:


	listReg = stackReg				# Stack is the start point of a list with nWords elm.


	iReg = 1


loop_on_i:


	tempReg = 4[listReg]			# Get i.th element’s count


	if( tempReg == -1 )			# if it’s -1, it means it has been processed before


		goto check_i			# check i and continue if there are elm. in the list


	jReg = iReg				# Check  next n-i elements (j to n)


	nextElmReg = listReg + 8			# Next elements’ start address


loop_on_j:


		tempReg = 4[nextElmReg]		# First get count


		if( tempReg == -1 )		# if it’s -1, it means it has been processed before


			goto check_j		# check i and continue if there are elm. in the list


		call strCmp([listReg],[nextElmReg]) 	# Compare the two strings


		if( resutReg != 0 ) 


			goto check_j		# If they’rent equal, searh for new strings ahead


		tempReg = 4[listReg]		# Get count of i.th element


		tempReg++			# Increment it and store it again


		4[listReg] = tempReg		


		4[nextElmReg] = -1		# Mark as processed


	check_j:


		nextElmReg = nextElmReg + 8	# increment j.th element’s pointer(8 byte elms.)


		jReg++				# increment inner loop variable


		if( jReg != nWordsReg )


			goto loop_on_j		# There are still elements in the list


check_i:


	listReg = listReg + 8			# Next element’s address


	 iReg++					# Increment loop count


	if( iReg != nWordsReg )			# If not equal to nWords there are still 


		goto loop_on_i			# elements in the list that needs to be examined





##### Algorithm Step 3: Sort counted words #####


# After this step, marked ones will appear in the end #


# of the list, but also, they will be sorted. However,    #


# no harm will occur from them.		           #


#####################################	





sortChangeReg = 1





sort_while_loop:


	listReg = stackReg				# List’s start addres is the current stack address


	if( sortChangeReg == 0 )			# If no change happened during traversal, the list


		goto ExitSort			# is sorted and we can exit.


	iReg = nWordsReg  - 1			# Initiate i = nWords – 1


	sortChangeReg = 0			# Assume initially no swap will occur


	sort_for_loop:


		tempReg = 4[listReg]		# Get i.th element’s count


		temp2Reg = 12[listReg]		# Get i+1.th element’s count


		if( tempReg < temp2Reg ) 		# We are sorting from bigger to smaller


       ChangeLocs:	tempReg = [listReg]	# Swap address contents


		temp2Reg = 8[listReg]	# We need two registers for swap operation


		[listReg] = temp2Reg


		8[listReg] = tempReg


	


		tempReg = 4[listReg]	# Swap count contents


		temp2Reg = 12[listReg]


		4[listReg] = temp2Reg


		12[listReg] = tempReg


	


sortChangeReg = 1	# swap happened


		if( tempReg == temp2Reg )


			tempReg = [listReg]


			temp2Reg = 8[listReg]


call strCmp(tempReg, temp2Reg)


if( resultReg > 0 ) 


	goto ChangeLocs


		


		iReg--				# Decrement number of rem. elements


		if( iReg == 0 ) 


goto sort_while_loop


		listReg = listReg + 8		# One element forward	


	goto sort_for_loop			# there are more elements to check


ExitSort:


##### Algorithm Step 4: Choose 5 max o the leading words #####


	listReg = stackReg				# Stack’s top is the start of the array


	countReg = 0				# count (upto 5)


choose_loop:


	tempReg = 4[listReg]			# Occurence register


	 if( tempReg == -1 || tempReg == 1 || countReg == nWordsReg || countReg == 5 )


		listReg = stackReg – 8 * (countReg-1) # start address in the list for copying


	else 					 # the words into the stack


listReg = listReg + 8		# Proceed in the list


countReg ++			# count one more element


		goto choose_loop			# go back





##### Algorithm Step 5: Copy the words into the stack #####


	push(0)					# First store NULL character, indicating list ending


	if( countReg == 0 )


		goto analyze_txt_finish		# If number of chosen words is 0, skip this part


stackCopy: 


	call strLen( [listReg], 0 )			# calculate the length of the first string


	tempReg = resultReg + 2			# Add NULL and integer characters


	stackReg = stackReg – tempReg		# Open space for n+2 chars in stack


	newStringReg = stackReg			# pointer


	string_copy: 


		tempReg = [listReg]


		[newStringReg]= tempReg		# Copy char to its new place


		listReg++			# Increment pointers


		newStringReg ++


		resultReg--			# resultReg was holding the length of the string


		if( resultReg != 0 )			# If there are more chars to copy, go back


			goto string_copy


	[newStringReg] = 0			# Add NULL character


tempReg = 4[listReg]			# Get occurence information








 if( choiceReg != 1 )			# If choice is 2, performing char freq. analysis


	call calcPerc(tempReg, nWordsReg)


1[newStringReg] = resultReg		# Save freq. or occurence in the new list


countReg--				# Decrement number of chosen words


listReg = listReg -8				# Go back one element backward


if( countReg != 0 )


	goto stackCopy





analyze_txt_finish:


	return()





########################################################################## 	Additional subroutines: strLen, strCmp, calcPerc			   		    #


#########################################################################


#  	Subroutine Name : strLen(strReg, modeReg)


#


#	List of scalar variables			Equivalent MIPS register


#	strReg					$a0


#	modeReg				$a1	


#	nCharsReg				$v0


#	charReg					$t0


#


#########################################################################


strLen(strReg, modeReg)


	nCharsReg = 0


strLenLoop:


	charReg = [strReg]					# Get current char


	if(charReg != 0 )					# If it’s zero, return


		if( modeReg == 0 )				# If not control mode variable


if( charReg == ‘  ‘ )			# If mode is accepting space and


	return(nCharsReg)	# the char is space, return again


    else 				# If not accepting space, go until 


	 nCharsReg++		# a NULL is encountered


	strReg++


	return(nCharsReg)





#########################################################################


#  	Subroutine Name : calcPerc(countReg, totalReg)


#


#	List of scalar variables			Equivalent MIPS register


#	countReg				$a0


#	totalReg					$a1	


#	percReg					$v0


#	tempReg					$t1


#


#########################################################################


 calcPerc(countReg, totalReg)


	tempReg = countReg * 100			# calculate count*100/total


	percReg = tempReg / totalReg		# If remainder of the above calculation is


	remReg = tempReg – totalReg * percReg	# greater than total/2, then round up


	if( 2*remReg >= totalReg ) 			# if not, round down.


		percReg++


	return(percReg)


#########################################################################


#  	Subroutine Name : strCmp (str1Reg, str2Reg)


#


#	List of scalar variables			Equivalent MIPS register


#	str1Reg					$a0


#	str2Reg					$a1	


#	percReg					$v0


#	tempReg					$t1


#


#	List of data structures			Equivalent name in spec.


#	[str1Reg]				string1


#	[str2Reg]				string2


#########################################################################





strCmp: 


	char1Reg = [str1Reg]				# Get next char of string 1


	char2Reg = [str2Reg] 				# Get next char of string 2


	if( char1Reg == 0 || char1Reg == ‘ ‘ ) 			# If string1 has ended, check if


if( char2Reg == 0 || char2Reg == ‘ ‘)		# string2 has ended, too. If not, 


			return(0)			# return smaller, if ended return equal


		     else 	return(-1)


	     else						# If string1 has not ended but string2


		if( char2Reg == 0 || char2Reg == ‘ ‘)		# has ended, then return bigger


			return(1)			


		     else 


			if( char1Reg < char2Reg) 		# If both continue and char1 < char 2


				return(-1)		# then, return smaller


			     else 	


				if( char1Reg > char2Reg)	# Else if char1 > char2 return bigger


					return(1)


				      else	


					str1Reg++	# Else if they’re equal, check next char.


					str2Reg++


					goto strCmp


		





#################################################################


# a0: Address of the null terminated ASCII string					#


# a1: Analysis type								#


#	a1 = 1 --> Word Frequency Analysis: Count					#


#		   the words that appears more 					#


#		   than one in the given text;						#


#		   And give the top five qualifying					#


#		   words and their number of occurences(instack)			#


#	a1 = 2 --> Character Frequency Analysis:					#


#		   Same for characters, but this time					#


#		   frequencies as output(in percent)					#


#################################################################


#	Used Variables:								#


#	s0: 	choice								#


#	s1:	str1's address							#


#	s2: 	str1's length							#


#	s3: 	Address of the remaining string					#


#	s4: 	str2's address							#


#	s5: 	number of occurences of str1					#


#	s6:	changes 								#


#################################################################


analyze_txt:


	#### SAVE BLOCK ####


	addi $sp, $sp, -40


	sw $s1, ($sp)


	sw $s2, 4($sp)


	sw $s3, 8($sp)


	sw $s4, 12($sp)


	sw $s5, 16($sp)


	sw $s6, 20($sp)


	sw $s0, 24($sp)


	sw $ra, 28($sp)


	sw $fp, 32($sp)


	sw $a0, 36($sp)


	#### END OF SAVE BLOCK ####


	move $fp, $sp			# Save the stack pointer's original address for later use


	


	move $s1, $a0			# Str pointer saved


	move $s0, $a1			# Save choice


	beq $a1, 1, perform_analysis	# Jump to word-freq. analysis





	# THIS IS Convert part: ch to words #


	li $a1, 1				# no space count


	jal strLen


	sll $t0, $v0, 1			# len x 2


	addi $t0, $t0, 1			# len x 2 + 1


	sub $sp, $sp, $t0			# Open space


	move $t0, $sp			# start pointer


	move $t1, $s1			# string ptr


ch2Word:


	lb $t4, ($t1)


	sb $t4, ($t0)			# Save current char


	beq $t4, $zero, end_ch2Word	# If NULL entered exit


	li $t4,' '				# If not copy an add. space char.


	sb $t4, 1($t0)			# Copy the space char.


	addi $t0, $t0, 2			# Move 2 forward


	addi $t1, $t1, 1 			# Move 1 forward


	j ch2Word			# Again


end_ch2Word:


	move $s1, $sp			# Save new string's address


	


	srl $sp, $sp, 2			# Align stack to word boundary


	sll $sp, $sp, 2


	addi $sp, $sp, -4


	





perform_analysis:	


# Algorithm Step 1: Count number of words and record their addresses in to the stack


# Used Register in this block are: s1-s5


	move $s2, $zero		# nWords


	move $s3, $zero		# previous char indicator


	# s1 is string pointer





words_loop:


	lb $t0, ($s1)		# get current char


	addi $s1, $s1, 1		# increment pointer


if_space: bne $t0, ' ', if_null 


	move $s3, $zero		# prev = 0


	j words_loop


if_null:beq $t0, $zero, exit_words_loop


if_alph:bne $s3, $zero, words_loop


	addi $sp, $sp, -8


	addi $t0, $s1, -1		# s1 was incremented automatically


	sw $t0, ($sp)


	li $s3, 1			# prev = 1


	sw $s3, 4($sp)		# push to stack


	addi $s2, $s2, 1		# nWords++


	j words_loop


exit_words_loop:


# End of Alg. Step 1 #





###################### HANDLE EXCEPTIONAL CASES ##########################


# nWords = 0 or nWords = 1 --> skip


bgt $s2, 1, continue_with_step_2


addi $sp, $sp, -1


sb $zero, ($sp)


j analyze_txt_finish


#########################################################################





continue_with_step_2:


# Algorithm Step 2: Count each word's occurence #


# Used registers are: s1-s5


# s1: i.th element address	<-- Will change


# s2: nWords		<-- Wont change


# s3: outer loop var.(i)	<-- will change


# s4: inner loop var.(j)	<-- will change


# s5: j.th element address


# This section assumes at least 2-word sentences, 


# excluding actions will be taken under exceptional


# cases section above


	li $s3, 1


	move $s1, $sp


count_occ_i:


	lw $t0, 4($s1)		# get i.th element's count


	beq $t0, -1, check_i	# element is encountered before


	move $s4, $s3		# j = i (not i+1, bec. we need n-i loops)


	addi $s5, $s1, 8		# j.th element address


count_occ_j:


	beq $t0, -1, check_j	# if it is -1, continue


	lw $a0, ($s1)		# get i.th element address


	lw $a1, ($s5)		# if not load j.th element address, for string comp.


	jal strCmp		# compare i.th and j.th strings(term. w. 0 or space) 


	bne $v0, $zero, check_j	# If not equal, search for new strings ahead


	lw $t0, 4($s1)		# Get i.th count


	addi $t0, $t0, 1		# increment i.th count


	sw $t0, 4($s1)		# save i.th count


	li $t0, -1


	sw $t0, 4($s5)		# save -1 to j.th count





	check_j:addi $s5, $s5, 8	# Increment j.th elm. pointer


	addi $s4, $s4, 1	# j++


	bne $s4, $s2, count_occ_j # if ( j < nWords ) do it again





check_i:addi $s1, $s1, 8


addi $s3, $s3, 1


bne $s3, $s2, count_occ_i





# Algorithm Step 3: Sort counted words


# Used registers are: s1-s5


# s1: Start Address of the array	<-- Will Change


# s2: nWords 				<-- Wont Change


# s3: remaining characters		<-- will change


# s4: change detector			<-- will change


# This section assumes at least 2-word sentences, 


# excluding actions will be taken under exceptional


# cases section above


# USING Bubble Sort Algorithm


	li $s4, 1			# Initialize the sort change variable to 1, in order to enter the loop


sort_while_loop:


	move $s1, $sp			# Start address


	beq $s4, $zero, ExitSort		# No change present, list is sorted


	addi $s3, $s2 ,-1			# Number of elements-1


	move $s4, $zero			# Assume initially no swap will occur


	sort_for_loop:


		lw $t2, 4($s1)		# Get i.th element's count


		lw $t4, 12($s1)		# Get i+1.th element's count


		blt $t2, $t4, ChangeLocs	# swap if i.th count < i+1.th count


		beq $t2, $t4, AlphControl	# if they're equal, swap according to alphabetical control


		j for_loop_cont		# Continue inner loop


		


		ChangeLocs:			# Swap Code


		lw $t1, ($s1)


		lw $t2, 4($s1)


		lw $t3, 8($s1)


		lw $t4, 12($s1)


		sw $t1, 8($s1)


		sw $t2, 12($s1)


		sw $t3, ($s1)


		sw $t4, 4($s1)


		li $s4, 1				# Swap done


		j for_loop_cont			# Continue inner loop


		


		AlphControl:			# Alphabetical control


		lw $a0, ($s1)		


		lw $a1, 8($s1)


		jal strCmp			# call strCmp procedure


		bgt $v0, $zero, ChangeLocs		# If Elm[i] is alphabetically > Elm[i+1] 


		


		for_loop_cont:


		addi $s3, $s3, -1			# Decrement remaining characters


		beqz $s3, sort_while_loop


		addi $s1, $s1, 8			# one element forward


		j sort_for_loop


ExitSort:


# Algorithm Step 4: Choose max 5 of the leading words


# Used registers are: 


# s2: nWords 				<-- Wont Change


	move $t0, $sp			# Start address of the array


	li $t2, 0				# count


choose_loop:


	lw $t1, 4($t0)


	beq $t1, -1, stop_choose		# if count is -1, then different words finished


	beq $t1, 1, stop_choose		# if count is 1, do not include


	beq $t2, $s2, stop_choose		# choose max nWords words


	beq $t2, 5, stop_choose		# choose max 5 words


	addi $t0, $t0, 8			# ptr += 8


	addi $t2, $t2, 1			# Count++


	j choose_loop





stop_choose:


	addi $t0, $t2, -1			# nChosen-1


	sll $t0, $t0, 3			# Count *= 8 (each chosen word covers 8-byte area in stack)


	add $s1, $sp, $t0			# Start from n.th element





# Algorithm Step 5: Copy the words into the stack


# Used registers are: s1-s5


# s1: Start Address of the array		<-- Will Change


# s2: nWords 				<-- Wont Change


# s3: number of chosen words 		<-- Will Change


	


	addi $sp, $sp, -1


	sb $zero, ($sp)			# First Store the NULL character


	move $s3, $t2			# Save number of chosen words


	beq $s3, $zero, analyze_txt_finish # If number of chosen words is 0, then skip this part


stack_copy:


	lw $a0, ($s1)			# Copy n.th word


	move $a1, $zero			# calc. lenght with space char


	jal strLen			# Calc. the word length


	addi $t0, $v0, 2			# Open space for NULL ch. and number of occurence  info.


	sub $t0, $zero, $t0			# Calc. -space


	add $sp, $sp, $t0			# Open space


	lw $t0, ($s1)			# Get string address again


	move $t2, $sp			# t2 is the pointer


	string_copy:


		lb $t1, ($t0)		# Get char


		sb $t1, ($t2)		# Copy to stack


		addi $t2, $t2, 1		# Increment pointer


		addi $t0, $t0, 1


		addi $v0, $v0, -1		# Decrement length variable


		bne $v0, $zero, string_copy


	sb $zero, ($t2)			# Add NULL character to the end


	move $s4, $t2			# Save ptr


	lw $v0, 4($s1)			# Get occurence info


	beq $s0, 1, store_occur		# If choice == 1, store it, else convert to percentage


	move $a0, $v0


	move $a1, $s2


	jal calcPerc


store_occur:


	sb $v0, 1($s4)			# Store occurence(percantage) info


	addi $s3, $s3, -1			# Decrement number of chosen words


	addi $s1, $s1, -8			# previous word


	bne $s3, $zero, stack_copy		# Remaining words > 0 --> continue





analyze_txt_finish:


	#### RETRIEVE BLOCK ####


	move $t0, $sp


	move $sp, $fp


	


	lw $s1, ($sp)


	lw $s2, 4($sp)


	lw $s3, 8($sp)


	lw $s4, 12($sp)


	lw $s5, 16($sp)


	lw $s6, 20($sp)


	lw $s0, 24($sp)


	lw $ra, 28($sp)


	lw $fp, 32($sp)


	lw $a0, 36($sp)


	addi $sp, $sp, 40	


	#### END OF RETRIEVE BLOCK ####	





	move $sp, $t0			# Very important


	


	jr $ra





# Strings could be terminated with space or NULL


# a0: Address of STR1


# a1: Address of STR2


# v0: Result (1 if greater alphabetically, 0 if equal, -1 if smaller)


strCmp: 


	lb $t0, ($a0)			# Load next char of str1


	lb $t1, ($a1)			# Load next char of str2


	beqz $t0, check2nd


	beq $t0, ' ', check2nd


	beq $t1, ' ', Bigger


	beqz $t1 Bigger


	blt $t0, $t1, Smaller		# If str1[i] < str2[i] return -1;


	beq $t0, $t1, CheckNextChars


	j Bigger


check2nd: 


	beq $t1, ' ', Equal


	beq $t1, $zero, Equal 


	j Smaller


CheckNextChars:	


	addi $a0, $a0, 1			# Increment str1 pointer


	addi $a1, $a1, 1			# Increment str2 pointer


	j strCmp				# Loop again


	


Equal:  li $v0, 0


	j ExitStrCmp


Bigger: li $v0, 1


	j ExitStrCmp	


Smaller:li $v0, -1


ExitStrCmp:


	jr $ra	





# a0: string address


# a1: mode (a1=1, no space; a1=0, with space)


# v0: string length


# Note: string will be terminated with


#       either '\0' or space in a1=0


strLen:


	move $v0, $zero			# numChars = 0


strLenLoop:


	lb $t0, ($a0)			# ch = getnextchar()


	beq $t0, $zero , exitStrLen		# if ch == '\0' exit


	bne $a1, $zero, continueStrLen	# if mode != 1, do not count spaces as string ends


	beq $t0, ' ', exitStrLen		# if ch == ' ' exit


	continueStrLen:


	addi $v0, $v0, 1			# else numChars++


	addi $a0, $a0, 1			# point next character


	j strLenLoop


exitStrLen:	


	jr $ra





# a0: numerator


# a1: denominator


# v0: output percent


calcPerc:


	mul $t1, $a0, 100		# num x 100


	div $v0, $t1, $a1		# num x 100 / den


	mfhi $t2			# remainder, r


	sll $t2, $t2, 1			# 2r


	sge $t2 $t2, $a1		# If 2r >= den, t2 = 1 else 0


	add $v0, $v0, $t2		# Add t2 to the result


	jr $ra





Loop Way





Byte 6 goes to


Position 1





Byte 1 goes to


Position 6





#######################################################################


# 	Algorithm: First, size of each data item is calculated. Then, a loop is constructed for tra-	#


#	velling each data item in the data array. While traveling each of the data blocks, their byte	# 


#	order is reversed in an inner loop. The inner loop turns m/2 times where m is the data       	#  


# 	block size, swapping j.th and m-j.th elements of the block.				# 


 #											#


#	List of scalar variables			Equivalent MIPS register			#


#	dataSizeReg				$s2					#


#	strReg					$s0 = $a0				#


#	lengthReg				$s1 = $a1				#


#	jReg					$t0					#


#	startPtrReg				$t1					#


#	endPtrReg				$t2					#


#	temp3Reg				$t3					#


#	temp4Reg				$t4					#


#	stackReg					$sp					#


#	choiceReg				$a2					#


#											#


#	List of data structures			Equivalent name in spec.			#


#	[strReg]					Input					#


#	[stackReg]				Stack					#


#											#


#######################################################################





byte_reverse:


	stackReg = stackReg – 12			# Open space for 3 words


	push(strReg)				# Save old strReg value


	push(lengthReg)				# Save old lengthReg value


	push(dataSizeReg)			# Save old dataSizeReg value


	


	dataSizeReg = 2^choiceReg			# calculate block size acc. To input choice


loop:


	startPtrReg = strReg			# Start pointer of block data


	endPtrReg = strReg + dataSizeReg – 1		# End pointer of block data


	jReg = dataSizeReg/2			# loop dataSize/2 times to reverse the data


	loop_on_j:


		temp3Reg = [startPtrReg]		# Get j.th element


		temp4Reg = [endPtrReg]		# Get dataSize - j. th element


		[startPtrReg] = temp4Reg		# Store dataSize-j.th element to j.th position


		[endPtrReg]= temp3Reg		# Store j.element to the dataSize-j.th position


		startPtrReg++			# Proceed to j+1.th element


		endPtrReg-- 			# Proceed to dataSize-j-1.th element


		jReg--				# Decrement loop variable


		if( jReg != 0 )			# If jReg is not yet zero, there are more data


			goto loop_on_j		# to be reversed, go back


	lengthReg--				# Decrement remaining data length


	strReg = strReg + dataSizeReg		# Move to the next block


	if( lengthReg != 0 )


		goto loop			# If there are more data, do it again


	


	pop(dataSizeReg)				# Store the old values back


	pop(lengthReg)


	pop(strReg)


	stackReg = stackReg + 12			# Store the stack pointer to its old pos.


	Return()





# a0: data array to be reversed


# a1: length of the data array


# a2: data block size indicator


# this is NOT a complete header, things are missing !!!


# for this MIPS code to be self-documenting, it needs to be complete like the pseudocode header





byte_reverse:


	# Stack save block #


	addi $sp, $sp, -12	


	sw $s0, ($sp)


	sw $s1, 4($sp)


	sw $s2, 8($sp)


	


	move $s0, $a0


	move $s1, $a1


	li $t0, 1


	sllv $s2, $t0, $a2		# Size of the byte blocks: 2^s2 bytes


	


byteRevLoop:


	move $t1, $s0		# Start pointer of data


	add $t2, $s0, $s2


	addi $t2, $t2, -1		# End pointer of data


	srl $t0, $s2, 1		# Loop m/2 times; m is data length


	byteRev_in_loop:	


		lb $t3, ($t1)	# Swap jth element with m-j.th element


		lb $t4, ($t2)


		sb $t4, ($t1)


		sb $t3, ($t2)	# Swap done


		addi $t1, $t1, 1	# j+1.th element


		addi $t2, $t2, -1	# m-j-1.th element


		addi $t0, $t0, -1	#Decrease, loop variable, j


		bne $t0, $zero, byteRev_in_loop


	addi $s1, $s1, -1		# remaining characters


	add $s0, $s0, $s2		# proceed to next data element


	bne $s1, $zero, byteRevLoop


	


	# Stack Retrieval Block #


	lw $s2, 8($sp)


	lw $s1, 4($sp)


	lw $s0, ($sp)


	addi $sp, $sp, 12


	jr $ra





Figure 4.2: Block Diagram Representation of character recognition algorithm





#######################################################################


# 	Algorithm: Examine each character of the expression one by one, and we have a few 	#


#	choices: digit, operator, space or null character. The usual postfix evaluator algorithm 	#


#	uses stacks, when a number is encountered, it’s pushed into stack. When an operator is	#


#	encountered ,pop the two leading numbers in stack and evaluate according to the operator	#


#	type, finally push back into the stack. This operation continues till a NULL character is 	#


#	encountered. If when an operator is encountered, the stack does not have two numbers 	#   


 # 	, it stops executing. 								#


#											#


#	List of scalar variables			Equivalent MIPS register			#


#	exprAddReg				$s0 					#


#	currentNumReg				$s1 					#


#	pastValReg				$s2					#


#	charReg					$s3					#


#	input0Reg				$a0					#


#	input1Reg				$a1					#


#	resultReg				$v0					#


# 	resultReg1				$v1					#


#	stackReg					$sp					#


#	globalReg				$gp					#


#											#


#	List of data structures			Equivalent name in spec.			#


#	[strReg]					Input					#


#	[stackReg]				Stack					#


#											#


#######################################################################





expr_eval: 


	stackReg = stackReg – 28			# Open space for 7 elements


	push(exprAddReg)			# Store the old values of save registers


	push(currentNumReg)			# by pushing them into stack


	push(pastValReg)


	push(currentCharReg)


	push(globalReg)				# store old value of global pointer


push(returnReg)				# push returnReg to be able to return


	push(input0Reg)				# push input register number 0(exp address)


	


	globalReg 	= stackReg		# Save stack’s current place 


	exprAddReg 	= input0Reg		# get expression address


	exprAddReg--				# Compensation with the loop below


loop:	exprAddReg++				# Next character


	charReg = [expAddReg]


	


call is_digit(charReg)			# Control if character is digit or not


if( resultReg == 1 )


	tempReg = charReg – 48		# Digit Conversion


	currentNumReg = currentNumReg*10 + tempReg


# cur = cur * 10 + digit


		pastValReg = 1			# past value was a digit


     else 	call is_operator(charReg)


  	if( resultReg == 1 )


		if( pastValReg == 1 )


			push(currentNumReg) # pastVal was digit, and current is operator


			currentNumReg = 0       # so, number is out. Push it, and make it zero


		 pop(input1Reg)		 # Pop operand from stack and operate


		 pop(input0Reg)		 # according to the operation in charReg


		 call operate(input0Reg, input1Reg, charReg)		          					push(resultReg)		# Push the result to the stack


		pastValReg = 0		# past value is not a digit	


	    else	if( charReg == ‘ ‘ )


			if( pastVal == 1 ) 


				push(currentNumReg) 	# If pastVal is a digit, number is


				currentNumReg = 0	# ready, push it to the stack


				pastValReg = 0		# past value is not a digit





				   else	goto loop


			   else 	if( charReg != ‘\0’ ) 


goto wrong_input


				   else 	pop(resultReg)


					if( globalReg != stackReg ) 	  # If  after all done, stack is not


goto wrong_input	  # empty, wrong input


					   else 	resultReg1 = 1


						goto evaluation_done


		pop(input0Reg)				


wrong_input:	result1Reg = exprAddReg - input0Reg; 	# Return where the error occurs


		resultReg = 0				# Wrong code





evaluation_done:	stackReg = globalReg			# Store old values


		pop(returnReg)


		pop(globalReg)


		pop(currentCharReg)


		pop(pastValReg)


		pop(currentNumReg)


		pop(exprAddReg)


		stackReg = stackReg + 28			# Free space


		


		return(resultReg, resultReg1)  		# return the results 





########################################################################## 	Additional subroutines: is_operator, is_digit, operate, sign and absVal 			    #


#########################################################################


#  	Subroutine Name : is_operator


#


#	List of scalar variables			Equivalent MIPS register


#	inputReg					$a0


#	


#########################################################################


is_operator:


	if( inputReg == ‘*’ || inputReg == ‘/’ || inputReg == ‘+’ || inputReg == ‘-‘ )


		return(1)


	    else return(0)





#########################################################################


#	Subroutine Name: is_digit  


#


#	List of scalar variables			Equivalent MIPS register


#	inputReg					$a0


#	


#########################################################################


is_digit: 


	if( inputReg < ‘0’ || inputReg > ‘9’ )


		return(0)


	    else return(1)





#########################################################################


#	Subroutine Name: operate 


#


#	List of scalar variables			Equivalent MIPS register


#	op1Reg					$a0


#	op2Reg					$a1


#	operReg					$a2


#	resultReg 				$v0


#	op1AbsReg				$t0


#	op2AbsReg				$t1


#	remReg					$s1


#	tempReg					$t2


#########################################################################


operate: 


	if( operReg == ‘+’ ) 


		resultReg = op1Reg + op2Reg		# ADD


    else 	if( operReg == ‘-‘)


		resultReg = op1Reg – op2Reg		# SUBTRACT








	 	   else 	if( operReg == ‘*’)


				resultReg = op1Reg  * op2Reg		# MULTIPLY


			   else						# DIVIDE


				call absVal(op1Reg)


				op1AbsReg = resultReg			# abs(op1)


				call absVal(op2Reg)			


op2AbsReg = resultReg			# abs(op2)


tempReg = op1AbsReg/op2AbsReg		# divison result


remReg = op1AbsReg mod op2AbsReg	# remainder


if ( 2*remReg >= op2AbsReg )		# If 2*r >= d, incr.


					tempReg ++


				call sign(op1Reg, op2Reg)			# Calculate the sign


				tempReg = resultReg * tempReg		#Multiply with sign





	return(resultReg)			# Return the result





#########################################################################


#	Subroutine Name: sign  


#


#	List of scalar variables			Equivalent MIPS register


#	op1Reg					$a0


#	op2Reg					$a1


#	resultReg				$v0


#	op1SignReg				$t0


#	op2SignReg				$t1


#


#########################################################################


sign: 


	if( op1Reg < 0 )


		op1SignReg = -1


	if( op2Reg < 0 )


		op2SignReg = -1�	resultReg 0 op1SignReg * op2SignReg


	return(resultReg)





#########################################################################


#	Subroutine Name: absVal 


#


#	List of scalar variables			Equivalent MIPS register


#	inputReg					$a0


#	resultReg				$v0


#


#########################################################################


absVal: 


	if( inputReg < 0 )


		resultReg = 0 – inputReg


	   else	


		resultReg = inputReg


	return(resultReg)





# Inputs: a0: expression string addres


# Outputs: v0: Error indicator, v1: result


# Used saved registers: s0, s1, s2, s3


# s0: expr address


# s1: current number


# s2: pastval indicator


# s3: current char


# this is NOT a complete header !!!


# for this MIPS code to be self-documenting, it needs to be complete like the pseudocode header


expr_eval:


	# Stack save block #


	addi $sp, $sp, -28


	sw $s0, ($sp)


	sw $s1, 4($sp)


	sw $s2, 8($sp)


	sw $s3, 12($sp)


	sw $gp, 16($sp)


	sw $ra, 20($sp)


	sw $a0, 24($sp)


	


	move $gp, $sp			# Save stack's current place #


	


	move $s0, $a0


	addi $s0, $s0, -1			# Compensation


expr_loop:


	addi $s0, $s0, 1			# Next char address


	lb $s3, ($s0)			# get current char


	move $a0, $s3		


	


	if_digit: jal is_digit


		bne $v0, 1, if_operator


		addi $t0, $a0, -48		# Convert to digit


		mulu $s1, $s1, 10


		add $s1, $s1, $t0		# Number = Number x 10 + CurrentNumber


		li $s2, 1			# Indicate that past value was a digit


		j expr_loop


		


	if_operator: jal is_operator


		bne $v0, 1, if_space	# If not operator, control if it is space char.


		bne $s2, 1, dont_push	# If pastVal is not a digit, do not push current number into the stack


		move $a0, $s1		# pastVal is digit, push current number


		jal push


		move $s1, $zero		# make current number 0 


		


		dont_push:


		jal pop			# pop operand2 from stack


		move $a1, $v0		


		jal pop			# pop operand1 from stack


		move $a0, $v0		


		move $a2, $s3		# operator is the current char


		jal operate		# make the operation


		move $a0, $v0				


		jal push			# push the result


		li $s2, 0			# pastVal is not a digit


		j expr_loop


	if_space: bne $a0, ' ', if_null		# If not space, control if it is the end of the string


		bne $s2, 1, expr_loop	# If past value is not a digit, continue in the string


		move $a0, $s1		# If pastVal is a number then push the current number to 


		jal push			# the stack


		move $s1, $zero		# make current number 0 


		li $s2, 0			# Indicate that pastVal is not a digit


		j expr_loop	





if_null: bne $a0, $zero, wrong_input	# If not operator, digit, space or null, then input wrong


		jal pop			# Pop the last value


		move $v1, $v0		# Save in expr_eval output variable v1


		bne $gp, $sp, wrong_input	# Control if the stack is empty or not


		li $v0, 1			# Indicate that the input string is corrent


		j evaluation_done


	


	wrong_input:


		lw $a0, 24($sp)


		sub $v1, $s0, $a0		# Position in the string where the first error occurs.


		li $v0, 0


	


	evaluation_done:


	


move $sp, $gp			# Retrieve old stack position


	# Stack Retrieval Block #


	lw $a0, 24($sp)


	lw $ra, 20($sp)


	lw $gp, 16($sp)


	lw $s3, 12($sp)


	lw $s2, 8($sp)


	lw $s1, 4($sp)


	lw $s0, ($sp)


	addi $sp, $sp, 28


	jr $ra





# push: Leaf procedure 


# inputs: a0: variable to be pushed into stack


# outputs: No


push:


	addi $sp, $sp, -4


	sw $a0, ($sp)


	jr $ra








# pop: Leaf procedure


# inputs: No


# outputs: v0


# exception thrown when stack is empty


pop:


	beq $sp, $gp, wrong_input


	lw $v0, ($sp)


	addi $sp, $sp, 4


	jr $ra





# is_operator: Leaf


# inputs: a0: character to be examined (no change in a0)


# outputs: v0: result


is_operator:


	li $v0, 1		# Initial assumption is true


	beq $a0, '+', isOp	# If ch == '+', return 1


	beq $a0, '-', isOp	# Else If ch == '-', return 1


	beq $a0, '*', isOp	# Else If ch == '*', return 1


	beq $a0, '/', isOp	# Else If ch == '/', return 1


	li $v0, 0		# Not operator


isOp:	jr $ra





# is_number: Leaf


# inputs: a0: character ch


# outputs: v0: result


is_digit:


	blt $a0, '0', notDigit	# If less than '0', not a digit


	bgt $a0, '9', notDigit	# If greater than '9' not a digit


	li $v0, 1			# It is a digit


	jr $ra			


notDigit: li $v0, 0			# Not a digit


        	jr $ra





# operate: Non-Leaf (Used registers are s0 and s1)


# inputs: a0, a1: operand 1 and 2


#	  a2: character


# outputs: v0: result


# Assume inputs are valid


operate:


	addi $sp, $sp, -16


	sw $a0, ($sp)


	sw $ra, 4($sp)


	sw $s0, 8($sp)


	sw $s1, 12($sp)


	


	beq $a2, '+', sum_oper


	beq $a2, '-', sub_oper


	beq $a2, '*', mul_oper


div_oper:


	jal absVal


	move $s0, $v0		# s0 = abs(a0)


	


	move $a0, $a1


	jal absVal


	div $s0, $s0, $v0		# s0 = abs(a0)/abs(a1)


	mfhi $s1			# s1 has the remainder


	sll $s1, $s1, 1		# mult remainder with 2


	blt $s1, $v0, dont_inc


	addi $s0, $s0, 1		# Increment


	


	lw $a0, ($sp)		# Retrieve a0 back from stack


	jal sign			# Calculate the result sign


	mul $s0, $s0, $v0


dont_inc:move $v0, $s0


	j exit_oper


mul_oper:


	mul $v0, $a0, $a1	# v0 = a0 x a1


	j exit_oper


sub_oper:


	sub $v0, $a0, $a1	# v0 = a0 - a1


	j exit_oper


sum_oper:


	add $v0, $a0, $a1	# v0 = a0 + a1


exit_oper:


	lw $s1, 12($sp)


	lw $s0, 8($sp)


	lw $ra, 4($sp)


	lw $a0, ($sp)


	addi $sp, $sp, 16


	jr $ra


# sign: Leaf


# inputs: a0, a1: dividers


# outputs: v0: sign(a0/a1)


sign:


	li $t0, -1			# Initial a0 sign guess is negative


	li $t1, -1			# Initial a1 sign guess is negative


	blt $a0, $zero, a1sign


	li $t0, 1			# sign of a0 is positive


a1sign: blt $a1, $zero, endsign


	li $t1, 1			# sign of a1 is positive


endsign:mul $v0, $t0, $t1


	jr $ra 


# absVal: Leaf


# inputs: a0: value


# output: v0: abs value


absVal:


	move $v0, $a0


	bge $a0, $zero, exit_abs


	sub $v0, $zero, $v0


exit_abs:


	jr $ra








