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General Notes: You are REQUIRED to read through the handout, and work through the exercises.

Section 2-1: IF Function

The syntax (rules in a programming language) for IF function is:

=IF(condition to be tested, assign value when test is "True", assign val when test is "False" )


=IF (Argument 1, Argument 2, Argument 3)
The condition testing always involves comparison, and the “action” always involves assigning a value to the cell where the IF formula is entered. So the IF formula syntax can be understood as:

=IF(Compare, Assign when "True", Assign when "False")

The "Compare"-term (Term 1/Argument 1) can be expressions like the following examples:

	Case
	Examples
	Cell compared with -
	Note

	0
	A1>B2
	- a cell value
	

	1
	A1< >0 
	- a numeric constant
	"<" & ">" together = "not equal"

	2
	A1="Yes"
	- a text constant 
	Text constant must be enclosed in “ ”

	3.1
	A1>B2/D3
	- a math expression
	a cell, with a math expression

	3.2
	A1+C4< B2*15
	math expr vs math expr
	both sides are math expressions

	4
	A1< Excel functn
	MIN/AVG/IF/VLOOKUP
	Can be any Excel functions


The "Assigns"-term (Terms/Arguments 2&3) can be expressions as follows:

	Case
	Examples
	Assign in the cell the value of:
	Note

	1
	0, 1, 1.609, 1024
	a number
	

	2
	"Y", "No", "Fail", "Overbooked", “ ” , “” – note the last two
	a text constant
	“” is NULL - nothing in between the quotes

	3
	A2+B4, 1.5*C6, $A$2/G2
	A math expression
	

	4
	IF, VLOOKUP, AVG, PMT, SUMIF…
	Other Excel functions
	Nested IF and IF+ VLOOKUP most common


Quick test: which of the following are legitimate IF formulas while which ones are not?

1.  = IF(A1>B2, "Y", "N")

2.  =IF(D10>=.9, "A")

3.  =IF(F5+G6, "Fail", "Pass")

4.  =IF(E7<>"Fail", F5+G6<A3*15, "")

5.  =IF(A3>$A$21, "Y" "N")   
6.  =IF(A3<AVG(A$3:A$20), IF(A3<0, “Negative”, “Below average”), “Normal”)        
Section 2-2: Nested IF

IF Formula: =IF(Compare, Assign when "True", Assign when "False")
The basic IF function can only handle analyses with two possible outcomes: T or F, Pass or Fail, etc. 【One IF, two possible logical outcomes – a fork, two branches】
There are, however, often situations where the number of possible outcomes is more than two. A very common example is a grade book, where there are five grades - A, B, C, D, F rather than just Passing and Not-Passing. So, we cannot simply ask "is this >60%?" Instead, we need to ask a series of questions to determine one of the five grades.
	Questions
	If ques passed
	If ques failed
	All the cases left

	Q1: Is this >=90%? If Yes, give grade "A"; 

if No, next question…
	You’re A!
	You are not A; ( ( (
	Could be B/C/D/F, depending on whether you pass the next question (but A’s gone!)

	Q2: Is this >=80%?  If Yes, give grade "B"; 

if No, next question…
	You’re B!
	You are not B; ( ( (
	Could be C/D/F, depending on whether you pass the next question (but B’s gone!)

	Q3: Is this >=70%? If Yes, give grade "C"; 

if No, next question…
	You’re C
	You are not C; ( ( (
	Could be D/F, depending on whether you pass the next question (but C’s gone!)

	Q4: Is this >=60%? If Yes, give grade "D"; if No, give "F". FINISH.
	You’re D ( (but you still passed)
	You are not D; ( ( (
	What do we have left?...

	Note: This way we go from A to F

	


Figure 2-1 The logic to determine a letter grade based on percentage of scores

Can you do the analyses from F to A, using a table similar to Figure 2-1? – try it.


【Number of IFs we need in a nested IF】
Regular IF helps us to determine a fork of two paths: Yes/No, Pass/Fail, …   in which we ask one (1) IF.

How many IFs do we need, if there are N cases to be determined? 

Yes/No, Pass/Failed – 2 cases, 1 IF.

A/B/C/D/F – 5 cases, ______ IFs

So, N cases, __________ IFs

Computer programmers use flowcharts to represent the logic above, and to guide them in writing codes. My experience shows that a flowchart helps business students to grasp the logic and the writing of nested IF formulas. A flowchart for our problem is as follows:

(Note: In the 1st column we use “>=”, and in the 2nd we used “<”. THINK about that...)

	From 90+ to 60-
	From 60- to 90+
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	From 90+ to 60-
	From 60- to 90+
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… …
	From 90+ to 60-
	From 60- to 90+
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	From harder-to-meet conditions to easier-to-meet conditions: 

>=90 is the hardest to meet – from there down|| < 60 is the hardest to meet – from there up


Figure 2-2 The flowchart to determine a letter grade based on percentage of scores


The logic of the IF function for the grade book (discussed above) is as follows:

(Let's examine our grade book problem in the hierarchy - assuming the % is in cell C4)

=IF(condition 1, action 1 if test is "True", 
      

=IF(C4>=.9,           "A",

  IF(condition 2, action 2 if test is "True", 

    IF(C4>=.8,        "B", 
        IF(condition 3, action 3 if test is "True", 

         IF(C4>=.7,          "C",

                   IF(condition 4, action 4 if test is "True", action 5)   )   )   ) 


IF(C4>=.6,             "D",                                  “F”)     )   )   )

Figure 2-3 The hierarchy of a nested IF formula

Note: in Figure 2-3 above, I divided the IF formula and showed them in multiple lines to emphasize the “levels.” In fact, in Excel, the formula is a long line as follows:

=IF(C4>=.9,"A",IF(C4>=.8,"B",IF(C4>=.7, "C", IF(C4>=.6, "D",“F”) ) ) )
Think about another more complicated scenario: progressive income tax. The following table is excerpted from Section D, P. 72 of the IRS 2004 1040 Forms and Instructions:

	Taxable income.

If line 42 is -
	(a)

Enter the amount from line 42
	(b)

Multiplication

amount
	(c)

Multiply

(a) by (b)
	(d)

Subtraction

amount
	Tax.

Subtract (d) from (c).

Enter the results here and on Form 1040, line 43

	At least $100,000 but not over $100,500
	$
	x 25% (.25)
	$
	$4,400.00
	$

	Over $10,500 but not over $162,700
	$
	x 28% (.28)
	$
	$7,415.00
	$

	Over $162,700 but not over $319,100
	$
	x 33% (.33)
	$
	$15,550.00
	$

	Over $319,100
	$
	x 35% (.35)
	$
	$21,932.00
	$


Figure 2-4 Progressive income tax

We can build the following formula (assume taxable income is in B42, and the following tax rates and their cells are – 25% in D42; 28% in D43; 33% in D44; 35% in D45):

=IF(B42>319100, B42*D45-21932, IF(B42>162700, B42*D44-15550, IF(B42>100500, B42*D43-7415, B42*D42-4400)))

We can further put the tax breaks (the amounts where different tax rates begin to apply) in C42, C43, C44, and C45, and the subtraction amounts in E42, E43, E44, and E45, then our tax formula would become:

=IF(B42>C45, B42*D45-E45, IF(B42>C44, B42*D44-E44, IF(B42>C43, B42*D43-E43, B42*D42-E42)))

Section 2-3: Multiple Conditions

In some cases, there are multiple conditions to be tested, such as 
· the admission of a student to an MBA program would be judged based on both his/her GMAT score and his/her GPA;
· a loan approval decision would be based not only on the applicant’s income but also his/her current debt amount; 
· the acceptance standard for a transfer student might be based on his/her passing of a range of alternative prerequisites (rather than just one course), etc. 
In those cases, a decision must be based on a combination of several conditions, either simultaneously (“AND”), or alternatively (“OR”). 


The Excel IF formula handling these cases are:

=IF(AND(Condition 1, Condition 2, Condition 3), THEN, ELSE)     --- (1) 
=IF(OR(Condition 1, Condition 2, Condition 3), THEN, ELSE)        --- (2)

Combination of three or more conditions, with AND and OR: 

1. Condition 1 must be satisfied, AND (either conditions 2 or 3 be satisfied): This one is an AND in the outside (between 1, and (2, 3)), but the logic connects 2 and 3 is OR. So, the main or “outside” syntax of the formula would be like (1) above, with one part being (2) above. Let me first explain the logic in English, then put the English-stated logic in spreadsheet formula:
1) IF conditions 1 and (something about 2 and 3) is true, do A, else do B – pretty easy right? ( IF (AND (1, (something about 2 and 3)), Do A, Do B)

2) Now introduce the details of “(something about 2 and 3)”, which is “if either of 2 or 3 is true” ( OR (2, 3)
Combine the above:

3) IF conditions 1 AND (condition 2 or condition 3) are true, do A, else do B.

Translate the above into Excel formula syntax:

IF (AND (Condition 1, OR (Condition 2, Condition 3) ), Do A, Do B)
	AND (Cond 1, 

OR (cond1_1, cond1_2) )
	OR (Cond 1, 

AND (cond1_1, cond1_2) )

	An AND, within whose cri

there are OR
	An OR, within whose cri     there are AND


General syntax

of combination 
of AND and OR

Use CSUN’s international student admission as an example, with AND and OR:
= IF(AND(GPA>=3.0,OR(TOEFL>=61,IELTS>=6.0)), “Admit”, “Not admit”)

Try interpreting the above CSUN admission condition.

Note: It is the combination of AND and OR. Pay attention to the color codes.

	AND (
	GPA>=3.0,                                 
	OR
	)

	
	
	 (TOEFL>=61,
	

	
	
	IELTS>=6.0)
	


We have just seen OR within AND; now, can you develop a formula with AND within OR? Let’s say, the condition of MBA admission at CSUN is “applicant must have a GMAT higher than 575, or possess a bachelor degree from CSUN with GPA higher than 3.3”. Try it (
Section 2-4: COUNTIF Function

A manager, a teacher, or a store owner often needs to count the number of certain types of items, such as the number of workers working in shift 2, or the number of students getting “A”, or the number of transactions using a specific credit card. Here is an example:
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Figure 2-5 A class roster

To provide the information needed, we can use the COUNTIF function:

=COUNTIF(cell range, “condition”)

The cell range contains the data to be counted, and the condition provides the criterion to count those cells that satisfy the condition - the condition must be in a pair of quotes.

In the spreadsheet shown in Figure 2-5, we can write COUNTIF formulas to count numbers of As, Bs, etc. We can also write formulas to count the passing students. Two formulas in cells G18 and H18 can be written:

G18:
=COUNTIF($G$3:$G$16, “<60%”)    
– number of failing students
H18:
=COUNTIF($H$3:$H$16, “=A”) 
           – number of “A” students

Think/guess: What would =COUNTIF($H$3:$H$16, “=A*”) produce???
Question 1: Why using absolute references? What would be the advantage of doing so?

Question 2: If we are to write ONE formula to count failing students for EACH of the three midterm exams, try to write a formula similar to the one above (hint: mixed reference).
The result would look like the following:
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Figure 2-6 Counting number in specific groups


COUNTIF with Multiple Criteria:

Syntax:

=COUNTIFS (range1, criteria1, [range2], [criteria2], ...)
Example 1: https://exceljet.net/excel-functions/excel-countifs-function
Example 2: We want to find the total number of Technicians who have overtime hours; this involves two criteria for the COUNT: position is to be Technician, and overtime status is to be overtime greater than 0.

Section 2-5: SUMIF Function

A manager, a teacher, or a store owner often needs to sum the amount of certain types of data, such as the total salaries of employees in Shift 2, or the total transaction amount using Visa card.
The following is an excerpt from Microsoft’s Office website (http://office.microsoft.com/en-gb/excel-help/sumif-HP005209292.aspx):

Syntax
SUMIF(range, criteria, sum_range)

Range     is the range of cells that you want evaluated by criteria.

Criteria     is the criteria in the form of a number, expression, or text that defines which cells will be added. For example, criteria can be expressed as 32, "32", ">32", or "apples".

Sum_range     are the actual cells to add if their corresponding cells in range match criteria. If sum_range is omitted, the cells in range are both evaluated by criteria and added if they match criteria.
	  


	1

	2

	3

	4

	5


	
	A
B
Property Value
Commission
100,000

7,000

200,000

14,000

300,000

21,000

400,000

28,000

Formula
Description (Result)
=SUMIF(A2:A5,">160000",B2:B5)

Sum of the commissions for property values over 160000 (63,000)

=SUMIF(A2:A5,">160000")

Sum of the property values over 160000 (900,000)





New 2016/2017: SUMIF with multiple conditions

Sometimes, we are interested in the total sales of products with a certain quality or character, AND those who are ordered over certain quantity – now we have two conditions before we can include one item in the total. This is the case of SUMIF with multiple conditions.

The syntax would be:

=SUMIFS(sum_rng, criteria_range1, crit1, criteria_ range 2, crit2)
Example 1: https://exceljet.net/formula/sum-if-multiple-criteria
Example 2: We want to find the total hours worked by Technicians who have overtime; this involves two criteria for the SUM: position is to be Technician, and overtime status is to be overtime greater than 0.
1. Use parameters! (Cell addr rather than num)


2. Use ONLY ONE formula wherever the logic is the same!!- Mixed ref would often do the job





Argumt 3 – “ELSE”





Argumt 2 – “THEN”





Argument 1 – “IF”





Three parts IF-THEN-ELSE





What do they have in common?





Example 2-1, IF function: demo-2-2015.xls, worksheet 1-IF





True





IF





False





Think about business scenarios where the number of possible outcomes is three or more.
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Watch the “=” sign! With or without it depends on the logic/nature of problem.





[Term 3 – ELSE]





[Term 2 – THEN]





[Term 1 – IF]





[Term 3 – ELSE]





[The whole box is “Green” Term 3]





[Term 2 – THEN]





[Term 1 – IF]





[The whole box is “Blue” Term 3]





[Term 3 – ELSE]





[Term 2 – THEN]





[Term 1 – IF]





[The box is “Pink” Term 3]





[Term 3 – ELSE]





[Term 1 – IF]





[Term 2 – THEN]





Do we need to ask another IF?





Use parameters


(rather than numbers)





 





The underlined part is an AND, within whose criteria there are OR (in red)





Example 2-3, COUNTIF function: demo-2-2015.xls, worksheet 3-CountIF





=SUMIF “Look, For, Sum” (i.e., Chk_Rng, Cri, Sum_Rng)





I would prefer: SUMIF(check-range, criteria, sum_range)


Check-range: the cell range to check the condition.


IF Check-range is the same as sum-range, 3rd argument can be omitted (         check-range is sum-range








Example 2-4, SUMIF function: demo-2-2015.xls, worksheet 4-SUMIF





=SUMIFS “Sum, Look, For, look, for” (i.e., Sum_Rng, Chk_Rng, Cri,…)





Note that here the Sum Range is the first argument
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