






5V EnVifonment 3.3V Environment 5V Environment 3.3V Environment 
Pin Side B Side A Side B Side A Pin Side B Side A Side B Side A 
1 -12V TRST# -12V TRST# 50 CONNECTOR KEY Ground Ground 
2 TCK +12V TCK +12V 51 CONNECTOR KEY Ground Ground 
3 Ground TMS Ground TMS 52 AD[08] C/BE[O]# AD[08] C/BE[O]# 
4 TDO TDI TDO TDI 53 AD[07] +3.3V AD[07] +3.3V 
5 +5V +5V +5V +5V 54 +3.3V AD[06] +3.3V AD[06] 
6 +5V INTA# +SV INTA# 55 AD[05] AD[04] AD[OS] AD[04] 
7 INTB# INTC# INTB# INTC# 56 AD[03] Ground AD[03] Ground 
8 INTD# +5V INTD# +5V 57 Ground AD[02] Ground AD[02] 
9 PRSNT1# ReselVed PRSNT1# ReselVed 58 AD[01J AD[OOJ AD[OlJ AD[OOJ 
10 ReselVed +5VQ/0) ReselVed +3.3VOIO) 59 +5VQI ) +5VQI ) +3.3V 10) +3.3V 10) 

11 PRSNT2# ReselVed PRSNT2# ReselVed 60 ACK64# REQ64# ACK64# REQ64# 
12 Ground Ground CONNECTOR KEY 61 +5V +5V +5V +SV 
13 Ground Ground CONNECTOR KEY 62 +5V +5V +5V +SV 
14 ReselVed ReselVed ReselVed ReselVed CONNECTOR KEY CONNECTOR KEY 
15 Ground RST# Ground RST# CONNECTOR KEY CONNECTOR KEY 
16 ClK +5VQ/0) ClK +3.3VQ/0) 63 ReselVed Ground ReselVed Ground 
17 Ground GNT# Ground GNT# 64 Ground C/BE[7]# Ground C/BE[7]# 
18 REQ# Ground REQ# Ground 65 C/BE[6]# C/BE)gr C/BE[6]# �C�/�B�E�[�5�~� 
19 +5V (110) ReselVed +3.3VQI0) ReselVed 66 C/BE[4]# +5VQ C/BE[4]# +3.3V (10) 
20 AD[31] AD[30] AD[31] AD[30] 67 Ground PAR64 Ground PAR64 
21 AD[29] +3.3V AD[29] +3.3V 68 AD[63] AD[62] AD[63] AD[62] 
22 Ground AD[28] Ground AD[28] 69 AD[61 I, Ground AD[61 { Ground 
23 AD[27] AD[26] AD[27] AD[26] 70 +5V (II ) AD[60] +3.3V 110) AD[60] 
24 AD[25] Ground AD[25] Ground 71 AD[59] AD[58] AD[59] AD[58] 
25 +3.3V AD[24] +3.3V AD[24] 72 AD[57] Ground AD[57] Ground 
26 C/BE[3]# IDSEl C/BE[3]# IDSEl 73 Ground AD[56] Ground AD[56] 
27 AD[23] +3.3V AD[23] +3.3V 74 AD[55] AD[54;1, AD[55] AD[54{ 
28 Ground AD[22] Ground AD[22] 75 AD[53] +5V (I ) AD[53] +3.3V 110) 
29 AD[21] AD[20] AD[21] AO[20] 76 Ground AO[52] Ground AO[52] 
30 AO[19] Ground AO[19] Ground 77 AO[51] AO[50] AO[51] AO[50] 
31 +3.3V AO[18] +3.3V AD[18] 78 AD[491, Ground AO[491 Ground 
32 AO[17] AO[16] AO[17] AD[16] 79 +5V (II ) AD[48] +3.3V 10) AO[48] 
33 C/BE[2]# +3.3V C/BE[2]# +3.3V 80 AO[47] AO[46] AO[47] AO[46] 
34 Ground FRAME# Ground FRAME# 81 AO[45] Ground AO[45] Ground 
35 IROY# Ground IROY# Ground 82 Ground AO[44] Ground AD[44] 
36 +3.3V TROY# +3.3V TROY# 83 AD[43] AO[421, AO[43] AD[421 
37 OEVSEl# Ground DEVSEl# Ground 84 AD[41] +5V (II ) AO[41] +3.3V 10) 
38 Ground STOP# Ground STOP# 85 Ground AO[40] Ground AO[40] 
39 lOCK# +3.3V lOCK# +3.3V 86 AO[39] AD[38] AO[39] AO[38] 
40 PERR# SOONE PERR# SOONE 87 AD[371, Ground AO[371 Ground 
41 +3.3V SBO# +3.3V SBO# 88 +5V (II ) AO[36] +3.3V 10) AO[36] 
42 SERR# Ground SERR# Ground 89 AO[35] AO[34] AO[35] AO[34] 
43 +3.3V PAR +3.3V PAR 90 AO[33] Ground AO[33] Ground 
44 C/BE[l]# AO[15] C/BE[l]# AO[15] 91 Ground AO[32] Ground AO[32] 
45 AO[14] +3.3V AO[14] +3.3V 92 ReselVed ReselVed ReselVed ReselVed 
46 Ground AO[13] Ground AO[13] 93 ReselVed Ground ReselVed Ground 
47 AO[12] AO[11] AO[12] AO[11] 94 Ground ReselVed Ground ReselVed 
48 AO[10] Ground AO[10] Ground 
49 Ground AD[09] Ground AO[09] 

Figure 27-9. Pinout of the PCI Connector 
(Reprinted by permission of PCI Special Interest Group, Copyright 1992, 1993) 

5V Board 3.3V Board 
1/0 buffers powered on 5 V rail 1/0 buffers powered on 3.3 V rail 

Figure 27-10. PCI Board Connectors 
(Reprinted by permission of PCI Special Interest Group, Copyright 1992, 1993) 
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Plug and play feature 

The PCI is equipped with the autoconfiguration feature but at the same time 
it has a slot for the ISA bus, in which the autoconfiguration is not supported. How 
can this work? This lack of autoconfiguration is a major headache for computer users 
and network managers. This led Microsoft and Intel to work together to equip the 
ISA bus with the autoconfiguration feature. This feature is often referred to as plug 
and play. The PCI autoconfiguration feature can work completely only afterthe ISA 
cards and BIOS are equipped with autoconfiguration (plug and play), since EISA is 
already equipped with this important feature. Plug and play falls into the following 
three categories. 

I. Neither the motherboard BIOS nor the add-in card is equipped with the plug-and­
play feature. This is sometimes called "plug and pray." You may get it to work by 
trial and error. 

2. The motherboard BIOS is equipped with plug and play, but the add-in card is not. 
In this case, setup software will help you to assign the VO addresses, IRQs, and 
DMA channels. 

3. Both the motherboard BIOS and the add-in card are equipped for plug and play. In 
this case, autoconfiguration will take care of everything. It will assign 1/0 addresses, 
IRQs, and DMA channels without any user involvement. 

PCI connector 

A few points must be noted about the PCI connector. First, notice in Figure 
27-8 that very few PCI signals match the signals of 80x86 microprocessors. The 
reason is that PCI is a mezzanine bus, meaning that the PCI controller sits between 
the CPU and the external bus connection. In this way, any CPU can be used with 
the PCI bus. Standardizing the bus connection frees the CPU buses from any 
restriction. This is in contrast to the VL bus (version 1.0), in which signals come 
directly from the 486 pins and havc the same name. When new signals were added 
to the Pentium, the VL bus had to be upgraded (version 2.0). PCI solves this problem 
by being microprocessor independent. 

Another point to be noted is the mUltiplexing of address and data on the PCI 
bus, since the same pins are used for address and data. In the first clock, the address 
is provided and in the second elock, the data is provided. Therefore, the PCI bus has 
a cycle time of2 clocks in nonburst mode, just like the 386/4861Pentium. For burst 
mode, in the first clock the address is provided and in each subsequent clock a word 
(32-bit) of data is provided. 

Another point to be noted is the 64-bit extension for the PCI bus. The PCI 
bus can be implemented for a 3 2-bit data bus or a 64-bit data bus. The 32-bit sections 
end at pin 62. The pinout is shown in Figure 27-9. Pins 63 through 94 are used for 
64-bit data/address extension only. 

Notice also in Figure 27-9 that every third pin is dedicated to ground or 
Vee. This eliminates the crosstalk problem and allows the bus to be used for 
frequencies up to 33 MHz. 

Figure 27-10 illustrates the PCI board connectors. 

PCI perfonnance 

The PCI local bus supports both single memory cycle and burst mode. In 
the single cycle, it takes 2 clocks to read or write a word of data. In the first clock, 
the address is provided and in each subsequent clock, the data is accessed. This 
makes it 2-1-\- I -1-1.... Example 27-4 calculates the bus bandwidth for the PCI. 

Table 27-4 provides the performance comparison of all the buses for 
non-burst mode data transfer. 
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Example 27-4 

Calculate the bus bandwidth of PCI for (a) single and (b) burst transfer, both on a 32-bit data path. 

Solution: 
PCI can work up to a maximum of 33 MHz. The clock period is 30 ns. 
(a) For the single transfer, each transfer takes 2 clocks or a total of 60 ns to transfer 4 bytes (32 bits) 

of data. Therefore, bus bandwidth = (1/60 ns) x 4 bytes = 66.6 megabytes/second 
(b) In burst mode, ignoring the overhead of the first clock for the address, it takes 1 clock or 30 ns 

to transfer 32-bit data. Therefore, bus bandwidth = (1/30 ns) x 4 bytes = 133 megabytes/second. 

T bl 27 4 ISA EISA VL a e - : , , , an oca us an WI t d PCI LIB B d °d h C ompanson 

ISA EISA VLBus PCI PCI 

Data oath (bits) 16 32 32 32 64 

Bus speed (MHz) 8 8.3 33 33 33 -

Bandwidth (megabytes/s) 8 16 66 66 133 -
Nole: In the bus bandwidth calculation, 2 clocks per memo!), cycle are assumed. 

Review Questions 

I. What is the local bus? 
2. The memory expansion connections to 16-MHz CPUs are through the __ _ 

(ISA bus, local bus). 
3. What is a dual bus system? 
4. Which needs a local bus, the modem or the hard disk controller? 
5. True or false. PCI is a 32- and a 64-bit bus. 
6. How has PCI reduced the effects of crosstalk (EMI) for high-frequency systems? 

SECTION 27.3: USB PORT 

USB stands for universal serial bus. Next to PCI, it is one of the most 
important additions to the PC system in recent years. In this section we provide an 
overview of the USB bus. To see the need for the USB bus, we first review the 
limitations and benefits of ISA and PCI buses, as well as serial and parallel ports. 

ISA and PCI buses provide a high rate of data transfer between the CPU 
and the outside world. This is because they have a wide data path, high frequency 
bus speed, and communicate directly with the CPU. As mentioned earlier, the ISA 
bus is a 16-bit bus and has a speed of 8 MHz. For the PCI bus, the data path is 64 
bits wide and it has a maximum speed of 64 MHz. 

The following are some of the major limitations of the ISA and PCI buses. 
I. Both ISA and PCI are inside the PC; therefore, to access them you need to open the 

PC's case and plug the card into an expansion slot. 
2. The PCI and ISA expansion slots take too much physical space on the motherboard. 

This limits the number of expansion slots that are available on a given motherboard. 
3. Both ISA and PCI buses require too much power. For every ISA expansion slot, an 

extra 25 watts must be incorporated into the PC's power supply; every PCI slot 
requires an extra 10 watts. As a result, a motherboard with 2 ISA and 3 PCI expansion 
slots has burdened the PC power supply with an additional 80 watts of power ( 2 x 
25 + 3 x 10 = 80). This can make a significant difference in handheld and laptop 
systems, and that is the reason that neither of these devices have any expansion slots 
on their boards. 
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The most important disadvantage of serial and parallel ports is the limit of 
4 of each in agiven motherboard. The PC BIOS limits the number of serial (COM) 
and parallel (LPn ports to 4. Of course this is a theoretical limitation imposed by 
the BIOS. Practically speaking, there are a limited number of IRQs to assign to all 
of these LPT and COM ports. This is the reason that there are no more than 2 COM 
ports and I LPT port on motherboards. There are other limitations associated with 
the COM and LPT ports that come to light only when compared with the major 
features of the USB port. 

Major features of USB 

Here are some of the most important features of the USB. They demonstrate 
why this is one of the most important additions to PC architecture in recent years. 

I. A single USB port on the back of the PC can accommodate up to 127 devices such 
as a mouse, scanner, printer, modem, etc. The devices are daisy chained together 
with the help of external hubs. The devices are recognized automatically by the Pc. 
Many devices such as a printer and monitor can be equipped with a hub, thereby 
saving the additional expense of buying a separate hub. More importantly, daisy 
chaining the devices via hubs requires no opening of the PC case when connecting 
additional devices to a PC. 

2. The data transfer rate is between 1.5 to 12 megabits per second (Mbs) at this time. 
Intel is discussing with the industry to raise the maximum limit to 200 Mbs. 

3. USB is hot-pluggable. This means that new devices can be connected to the USB 
port without first turning off the PC. Rememberthat was not the case with ISA,PCI, 
LPT, and COM ports. In all these devices, the PC had to be turned off prior to 
installing the device and configuring the system. The hot-pluggability of USB is one 
of its most important features. 

4. USB does not have to burden the system's power supply. Unlike ISA and PCI, 
connecting additional USB devices to a PC does not require an exorbitant amount 
of power from tile PC power supply. Each new device requires no more than a 
maximum of500 mW from the PC power supply. More importantly, the USB hubs 
sitting outside the PC can have their own power supply, thereby relieving the 
motherboard's power supply of the burden of providing power to every device. For 
example, a printer or monitor that is equipped with a USB hub can provide power 
to all external USB devices. The USB is also equipped with power managing 
capability. This allows a device that is not being used for a period of time to be 
powered down into sleep mode. 

Software compatibility 

It must be noted that Microsoft's Windows 95 does not come with USB 
drivers and other support software. However, you can download them from the 
Microsoft Web site. The same is true for Windows NT 4.00. Starting with Windows 
98, USB is part of the operating system; the same is true for Windows NT 5.00. 

Bus comparison 

Table 27-5 shows the comparison ofISA, PCI, COM, LPT, and USB. Notice 
in the calculation of data transfer rate (bus bandwidth) for ISA and PCI buses that 
a 2-clock read and write cycle is assumed. For the LPT port, the 2 microsecond 
timing for the parallel port is assumed. Also notice that in serial COM and USB 
ports, there is only a single wire for transfer (RxD) and another single wire for 
receive (TxD). 

Both Microsoft and Intel are working to eliminate ISA bus, LPT, and COM 
ports from PC motherboards. Early 2000 may bring PCs with PCI and USB ports 
only. 
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Table 27-5' Date Transfer Rate for Buses and Ports , 

Bus/Port Data Path bit Maximum Bus Bandwidth -

rSA (8 MHz) 16 8 M bytes/second 

pcrm MHz) 32 66 M bvtes/second 

pcr (33 MHz) 64 13 3 M bytes/second 

PCI(66MHz) 64 266 M bytes/second 

USB 1 12 M bits/second 

LPT 8 500 K bytes/second --

COMoort 1 56 K bits/second 
Note: In the bus bandwIdth calculatIon, 2 clocks per memory cycle are assumed. 

SUMMARY 

SUMMARY 

Review Questions 

I. True or false. Both pcr and USB are hot-pluggable. 
2. What advantage do USB devices have over other devices in terms of system power 

requirements? 
3. True or false. Each USB device must have its own USB connection to the system 

via an expansion slot. 

This chapter began with an overview of bus terminology. A master device 
initiates and controls communication over buses with a slave device. Bus arbitration 
is the method of deciding which device can control the buses at a given point in time. 
Bus protocol refers to timing specifications and signal directions. The two protocols 
are synchronous, where bus activity is synchronized according to a central clock, 
and asynchronous, where bus activity proceeds according to the timing of the 
devices involved. Bus bandwidth is a measure of the rate at which a bus can transfer 
data from master to slave or vice versa. The rSA (Industry Standard Architecture) 
bus is the IBM PC AT bus. It consists of two physical parts, a 62-pin portion, which 
is the PCIXT bus, and a 36-pin portion, which was added to accommodate the 16-bit 
data bus and 24-bit address bus of the 80286, and other advanced features. Manu­
facturers developed an enhanced ISA bus, called EISA, which featured 32-bit 
address and data paths, plus other features. ISA cards can be plugged into an EISA 
expansion slot, but EISA cards cannot be plugged into an ISA slot. 

The second section of this chapter described the local bus, which was 
developed so that the system buses could be accessed at speeds close to the speed 
of the microprocessor. The VL bus, or VESA bus, is a 32-bit bus that can work up 
to a maximum frequency of 33 MHz with 3 expansion slots. The PCI local bus has 
both 32- and 64-bit data paths and a maximum speed of 33 MHz. PCI supports 
many advanced features critical to 486 and higher CPUs, such as burst mode data 
transfer and bus mastering, and allows use ofISA and EISA cards. 

The third section of this chapter covered a recent addition to PC systems: 
USB ports. USB stands for universal serial bus. USB ports can accommodate 
numerous USB devices which are daisy-chained together. Devices that contain USB 
hubs can have other devices connected to them via the hub, and can provide power 
supply to those devices. USB is hot-pluggable, meaning that new devices can be 
connected via a hub without shutting down the system and opening the PC case. 
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SECTION 27.1: ISA BUSES 

I. Explain the difference between master and slave devices. 
2. Why is there a need for bus arbitration? 
3. What is the function of central bus arbitration? 
4. The CPU/memory relation is an example of (asynchronous, sychnro-

nous) protocol. 
5. The CPU/printer relation is an example of (asynchronous, sychnro-

nous) protocol. 
6. The CPU/modem relation is an example of (asynchronous, sychnro-

nous) protocol. 
7. True or false. The higher the bus frequency, the higher the bus bandwidth. 
8. True or false. The wider the data bus, the lower the bus bandwidth. 
9. Generally, which bus protocol has the highest bus bandwidth? 
10. True or false. The PC AT bus is an extension of the PCIXT bus. 
II. Why is the AT bus called ISA? 
12. What is the function of the AEN signal? 
13. Is AEN an output signal or an input signal? 
14. What is the purpose ofiOCHRDY? Is it an input or an output signal? 
15. What is the signal direction for signals DREQs, IRQs, and DACKs? 
16. Explain the direction and function of the RESET DRV signal. 
17. Explain the difference between signals SMEMRlSMEMW and MEMRlMEMW. 
18. Does the OWS signal exist on the PCIXT bus? 
19. What is the function of the OWS signal? 
20. How many pins on the 62-pin section of the ISA are allocated to GND and Vee? 
21. Which address lines are duplicated on the 62- and 36-pin parts of the ISA bus? 
22. Give the number of clocks it takes to transfer between the following devices. 

(a) 16-bit to 8-bit device (b) 16-bit to 16-bit device (c) 8-bit to 8-bit device 
23. Ifwe are connecting an 8255 to an ISA bus PC, which portion of the data bus 

must be connected to the data bus of the 8255? 
24. What is the function of MEMCS 16 and IOCS 16 pins? Are they input or output 

signals? 
25. Explain the limitation ofthe MASTER signal in the ISA bus. 
26. In the ISA bus, which of the following cases is (are) permitted? 

(a) an external microprocessor from the expansion slot as master 
(b) DMA from the expansion slot as master 

27. What is the bus frequency in ISA? 
28. What are the limitations of the 16-bit DMA channels in the ISA bus? 
29. Explain the difference between edge and level triggering of an interrupt. 
30. What is the disadvantage of edge-triggered interrupts? 
31. Do we have any access to NMI of the CPU through the expansion slot of ISA? 
32. What is the difference between the PCIXT and PC AT as far as system configura­

tions are concerned? 
33. EISA is which type of bus? 

(a) 32-bit (b) 16-bit (c) both (a) and (b) 
34. Why is the EISA bus speed limited to 8 MHz (or some say 8.3 MHz)? 
35. Where does the 8.3 MHz figure come from? 
36. What is autoconfiguration, and why it is highly desired? 
37. True or false. EISA has the autoconfiguration feature. 
38. A given EISA with 5 expansion slots has embedded the video card and hard disk 

controller card into the motherboard. Give the ID number assigned to each of the 
cards and slots. 

39. Give the following for ISA and EISA buses. 
(a) bus size (b) bus speed (c) maximum bus bandwidth 
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40. EISA can transfer data to which type of devices? 
(a) 8-bit (b) 16-bit (c) 32-bit (d) all of the above 

41. Why in the EISA do we have only LA2 - LA31 buses? What happens to LAO, 
LA 1 for byte selection? 

SECTION 27.2: PCI LOCAL BUSES 

42. What kind of bus is designated as a local bus? 
43. Why is a PC working with 12 MHz frequency and higher sometimes referred to as 

a dual-bus PC? 
44. If the memory of a given 486 ISA PC is designed with 0 WS, give the cycle time 

for memory and I/O accessed from the ISA bus. 
45. In Problem 44, calculate the bus bandwidth for both memory and 1/0. 
46. Give three major desired characteristics of a bus. 
47. The (PCI, VL bus) is processor independent. 
48. Calculate the required bus bandwidth for graphics of 1280xJ024 resolution, 24 

bits for color, and redraw rate of 10. 
49. Calculate the required bus bandwidth for real-time video of 640x480 resolution, 

24 bits for color, and frame rate of 30. 
50. The VL bus version 1.0 is a __ (32-bit, 64-bit) bus. 
51. What is the maximum speed of the VL bus for 3 expansion slots? 
52. The PCI has a maximum speed of __ MHz. 
53. True or false. The PCI bus can accommodate 64-bit data buses of the Pentium. 
54. True or false. The PCI bus supports autoconfiguration. 
55. True or false. Interrupt sharing is not allowed in PCI. 
56. Calculate and compare the maximum bus bandwidth for the following. Assume 

that all are non-burst mode. 
(a) 32-bit EISA (b) 32-bit PC! 

57. Calculate the maximum bus bandwidth for the following. Assume burst mode. 
(a) 32-bit PCI (b) 64-bit PCI 

SECTION 27.3: PC! LOCAL BUSES 

58. What does hot-pluggable mean? 
59. True or false. One disadvantage of USB is that USB devices create an exorbitant 

demand on the system's power supply. 
60. List the maximum bus bandwidth for the following. 

(a) USB (b) COM port 

ANSWERS TO REVIEW QUESTIONS 

SECTION 27.1: ISA BUSES 
1. master 2. true 3. asynchronous 4. two 
5. 16-M, but ~ can also be used for 8-bit peripherals 
6. No; the Master pin must be activated after the ORO has been acknowledged. 
7. yes 
8. Not at this time. Microsoft and Intel are working together to equip the ISA bus with autoconfiguration. This 

feature is often referred to as plug and play. 
9. It is because EISA has a 32-b~ data path. 

SECTION 27.2: PCI LOCAL BUSES 
1. It is the bus that is closely attached to the CPU and works with the same frequency as the CPU (or close to it). 
2. local bus 
3. in 28613861486IPentium systems, where there is an ISA (or EISA) bus for the peripheral 

connection and there are very refined buses for the SIMM memory connection using the surface mount 
technology. 

4. hard disk controller 5. true 
6. by placing a ground or Vee pin between every 2 signal lines 

SECTION 27.3: USB PORTS 
1. false 2. Devices connected together via a USB hub can share a power supply. 
3. false 
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CHAPTER 28 

PROGRAMMING DOS, BIOS, 
HARDWARE WITH C/C++ 
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Today, CIC++ is the language of choice among developers of application 
software. Although C is a high-level language, it has strong bit manipulation 
capability. For this reason, some programmers refer to C as a "high-level assembly" 
language. Both Microsoft and Borland provide a rich library of functions designed 
to be used for accessing hardware and software ofthe Pc. In this chapter we discuss 
programming of DOS, BIOS, and PC hardware with C. In Section 2S.1, BIOS 
interrupt and DOS function call programming with CIC++ is explored. In Section 
2S.2, the use ofCIC++ in accessing PC hardware and 110 ports is discussed. 

SECTION 28.1: BIOS AND DOS INTERRUPT PROGRAMMING WITH C 

For CIC++ programmers who do not have detailed knowledge of SOxS6 
Assembly language programming but want to write programs using DOS function 
calls !NT 21 H and BIOS interrupts, there is help from compilers in the form of int86 
and intdos functions. The intS6 function is used for calling any of the PC's interrupts, 
while the intdos function is used only for the !NT 21 H DOS function calls. We look 
first at intS6. 

Programming BIOS interrupts with C/C++ 

To use the intS6 function, we must set the registers to desired values and 
then call intS6. Upon return from intS6, we can access the SOxS6 registers. In this 
regard, intS6 is just like the "!NT #" instruction in SOxS6 Assembly language. To 
access the SOxS6 registers, we use the union of the REGS structure already defined 
by the C compiler. It has the following format, where regin and regout are variable 
names: 

union REGS regin,regout; 

The union of the REGS structure allows SOxS6 registers to be accessed in 
either their 16- or S-bit format. The 16-bit registers are referred to as x and S-bit 
registers are referred to as h (for "halfword"). This is shown in Table 2S-1. 

Table 28-1: REGS Union Elements and Assembly Equivalent 

Assembl 

'I u-16_bit :1 

( -- -----~ ,I 

I~ languagei Assembl Lan ua e i CLan ua e 

I~ __ regin.x.ax AX+--_r ... e=in",.",h.",a,-l ~~+-~ __ ",-A .. L"--

If-- ---" +-- regin.h.ah AH 

"f-- regin,x.bx BX regin.h.bl I BL 

"'F' . .. reglln.~ ClL_ -+-_ :::~:~~--t-I ---- ~~ ----' 
_____ ! ___ ro_e"'g"in..,."h"'.c"h __ +-__ --'C""'H"-"---- - -I,'l 

regin.x~ "DX DL =:=J 

8-bit 
I "---

___ -------1------ regin.h."'dh""---_ DH " ___ ~ 
regm.x.S1 "--:1 

"-- "--ji ii __ ~re"'g"'in.x.di 

II 

DI ----I-

I regin.x.cflag Cy 
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Example 28-1 

The following code compares loading the registers and invoking the inter­
rupt in C and Assembly language. 

1* Clanguage 
union REGS regin ,regout; 
regin.h.ah=Ox25; 
regin.x.dx=Ox4567; 
regin.x.si=OxI290; 
int86(interrupl#,&regin,&regout); 

Assembly language '/ 

1* mov ah ,25h ;AH=25H '/ 
1* mov dx,4567h ;DX=4567H '/ 
1* movsi,1290h ;SI=1290H '/ 
I*int# '/ 

In the code above, interrupt # is a value from 00 to 255 (or OxOO to OxFF in 
hex, using the C syntax for hexadecimal numbers), and &regin and &regout are the 
addresses of the REGS variables. Upon returning from the int86 function, we can 
access the contents of registers just as in 80x86 Assembly language programs. This 
is shown as follows: 

mydata=regout.h.ah; 
myvalu=regout.x.bx; 

1* mov mydata,ah ;assign AH to mydata '/ 
1* mov myvalu,bx ;assign BX to myvalu '/ 

Example 28-1 demonstrates how int86 is used in C programming. Example 
28-2 shows how to access registers upon returning from int86. 

Use the int86 function to clear the screen. Show the equivalent !NT 10 instruction. 

Solution: 

1* example 28-1A using 16-bit registers '/ 
#include <dos.h> 1* int86 is part of this library '/ 
mainO 
{ 
union REGS regin,regout; 
regin.x.ax=Ox0600; r MOV AX,0600H '/ 
regin.h.bh=Ox07; 1* MOV BH,07H '/ 
regin.x.cx=O; 1* MOV CX,O */ 
regin.x.dx=OxI84F; I' MOV DX, 184FH '/ 
int86(Oxl0,&regin,&regout); I' INT 10H '/ 
} 

We can mix 8- and 16-bit registers as shown next: 
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I' example 28-16 using 8-bit registers '/ 
#include <dos.h> I' int86 is part of this library '/ 
mainO 
{ 
union REGS regin,regout; 
regin.h.ah=6; 
regin.h.al=O; 
regin.h .bh=07 
regin.x.cx=O; 
regin.h.dl=Ox4F; 
regin.h.dh=OxI8; 
int86(Oxl0,&regin,&regout); 
} 

I'MOVAH,6 
I' MOV AL,O 
I' MOV BH,07 
I' MOV CX,O 
I' MOV DL=4FH 
I' MOV DH=18H 
I'INT10H 

'/ 
'/ 
'/ 
'/ 
'/ 
'/ 
'/ 
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Example 28-2 
Use the int86 function to perfonn the following functions. 
(a) Save the current cursor position 
(b) Set the cursor to row 12, column 8 
(c) Olsplay the message "Hello" using the printf function. 

Solution: 

Example 28-3 

/' example 28-2 '/ 
#include <stdio.h> 
#include <dos.h> 
mainO 
( 
unsigned char oldrow; 
unsigned char oldcol; 
union REGS regin,regout; 
regin.h.ah=3; I' MOV AH,3 ;option 3 INT 10H '/ 
regin.h.bh=O; /* MOV SH,O ;page 0 */ 
int86(Ox10,&regin,&regout); /'INT 10H ;video INT '/ 
oldrow=regout.h.dh; I' MOV oldrow,DH ;save row '/ 
oldcol=regout.h.dl; I' MOV oldcol,DL ;save col '/ 
printf("Cursor was at row=%d,column=%d In",oldrow,oldcol); 
regin.h.ah=2; /* MOV AH,2 ;option 2 of int 10H '/ 
regin.h.bh=O; I' MOV BH,O ;Page zero '/ 
regin.h.dl=8; I' MOV DL,8 ;collocation '/ 
regin.h.dh=12; /' MOV DH,12 ;rollocation '/ 
int86(Ox10,&regin,&regout); /'INT 10H '/ 
printf("Helloln"); 
} 

Finding the conventional memory size with INT 12H 

As shown in Chapter 14, BIOS TNT 12H provides the size of conventional 
memory installed in the PC. Example 28-3 reports its size. 

Use function int86 with INT 12H to find the size of conventional memory installed on a given PC. 

Solution: 

TNT 12H provides the size of conventional memory in register AX, as was shown in Chapter 14. 

/' example 28-3 '/ 
#include <stdio.h> 
#include <dos.h> 
mainO 
( 
unsigned int convmem; 
union REGS regin,regout; 
int86(Ox12,&regin,&regout); 
convmem=regout.x.ax; 
printf("This PC has %dKB of Conventional memory\n" ,convmem); 
} 
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INT 16H and keyboard access 

In Chapter IS we discussed how to access the keyboard through TNT l6H. 
Example 2S-4 shows how to access TNT l6H with the intS6 function. 

Example 28-4 

Using function intS6 with TNT l6H option 0, write a program to indicate the key activated, its scan 
code, and its ASCII code. 

Solution: 

As discussed in Chapter IS, option AH=O of TNT 16H waits for a keyboard entry and returns the scan 
code and ASCII code in registers AH and AL, respectively. 
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#include <stdio.h> 
#include <dos.h> 
mainO 
( 
unsigned char scancode; 
unsigned char ascicode; 
union REGS regin,regout; 
regin.h.ah=O; 
int86(Ox 16, &regin, &regout); 
scancode=regout.h.ah; 
ascicode=regout.h .al; 
printf("The %c has scan code %X and ASCII code of %Xln" ,ascicode, 

scancode,ascicode); 
} 

Programming INT 21 H DOS function calls with C/C++ 

Although we can use the intS6 function for TNT 21 H DOS function calls, 
there is a specially designated function, intdos, that can be used for DOS function 
calls. The format of intdos is as follows. Example 2S-5 shows how to use intdos. 

intdos(&regin,&regout); r to be used for INT 21 H only *' 
AcceSSing segment registers 

Both intS6 and intdos allow access to registers AX, BX, CX, DX, SI, and 
DI, but not segment registers CS, DS, SS, and ES. In some of the interrupt services, 
we need access to the segment registers, as well. In such cases we must use intS6x 
instead of intS6, and intdosx instead of intdos. In using intS6x and intdosx, we must 
also pass the argument SREGS. Functions intS6x and intdosx have the following 
formats. See the SREGS structure at the end of this section. 

int86x(interrupt # ,&regin ,&regout ,&regseg); 
intdosx(&regin,&regout,&regseg); 
strue! SREGS regseg; 

Functions intS6x and intdosx provide access only to registers ES and DS 
and not the segment registers CS and SS. The contents of SS and CS cannot be 
altered since their alteration will cause the program to crash. Fortunately, BIOS and 
DOS function calls that use segment registers do not request the alteration of CS 
and SS. Example 2S-6 shows how to get the values of interrupt vector tables. 
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Example 28-5 

Use INT 21H option 2AH to display the date in the form dd-mm-yy on the screen. 
(a) Use intdos functions. (b) Use the int86 function. 

Solution: 

Upon returning from the INT 21H function 2AH, DL contains the day, DH the month, CX the year. 

(a) This program uses intdos. 

#include <stdio.h> 
#inciude <dos.h> 
mainO 
{ 
unsigned int year; 
unsigned char month; 
unsigned char day; 
union REGS regin,regout; 
regin.h.ah=Ox2A; 
intdos( &regin ,&regout); 
day=regout.h.dl; 
month=regout.h.dh; 
year=regout.x.cx; 
printf("Today's date is %d-%d-%dln",month,day,year); 
} 

(b) In this program we can replace the intdos statement with 

int86(Ox21,&regin,&regout) 

Example 28-6 

Using INT 21 option 35H, get the CS:IP in the interrupt vector table for INT 10H. 

Solution: 

From Appendix D, we have INT 21H, AH=35, and AL=interrupt number. Upon return, ES 
contains the code segment (CS) value and BX register has the instruction pointer (IP) value from the 
vector table. 

#include <stdio.h> 
#inciude <dos.h> 
mainO 
{ 
unsigned int ipvalu; 
unsigned int csvalu; 
union REGS regin,regout; 
struct SREGS regseg; 
regin.h.ah=Ox35; /* MOV AH,35H *' 
regin.h.al=Ox10; /* MOV AL, 10H *' 
int86x(Ox21,&regin,&regout,&regseg); 
/* or we can use intdosx(&regin,&regout,&regseg) *' 
ipvalu=regout.x.bx; /* MOV ipvalu,BX *' 
csvalu=regseg.es; '* MOV csvalu,ES *' 
printf("The CS:IP of INT 10H is %X:%X In" ,csvalu,ipvalu); 
} 
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Accessing the carry flag in int8S and intdos functions 

Upon returning from many of the interrupt functions, we need to examine 
the carry flag. Functions int86, intdos, int86x, and intdosx allow us to examine the 
carry flag bit only, and no other flag bits are available through these functions. To 
access the carry flag bit we write 

if(regout.x.cfJag) 

The structures of word registers, byte registers, and segment registers are 
shown below. 

union REGS { 
struct WORDREGS { 

unsigned int ax; 
unsigned int bx; 
unsigned int cx; 
unsigned int dx; 
unsigned int si; 
unsigned int di; 
unsigned int cflag; 
} x; 

struct BYTEREGS { 
unsigned char al,ah; 
unsigned char bl,bh; 
unsigned char cI,ch; 
unsigned char dl,dh; 
} h; 

} 'inregs; 
union REGS 'outregs; 

struct SREGS { 
unsigned int es; 
unsigned int cs; 
unsigned int ss; 
unsigned int ds; 
} 'seregs; 

Review Questions 

I. True or false. Function int86 can be used for any interrupt number. 
2. True or false. Function intdos can be used for any interrupt number. 
3. The int86 has arguments, whereas intdos has 
4. True or false. Operand regin.h.al accesses the l6-bit reg-l~' sC"te-r.---
5. Is the following code correct? 

union REGS rin,rout; 
rin.x.ax=Ox1250; 

6. To access segment registers we use (int86x, int86, intdos). 
7. The int86x function has __ arguments and they are c.--=o:---c=;---
8. True or false. In the int86x and intdosx functions, only the ES and DS registers are 

accessible. 
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SECTION 28.2: PROGRAMMING PC HARDWARE WITH C/C++ 

Example 28-7 

In addition to accessing the CPU's registers, we can also access memory 
and inputloutput ports with CIC++. 

Accessing 80x86 SEGMENT:OFFSET memory addresses in C 

The I M memory space of the SOxS6 microprocessor is accessed by ad­
dresses in the form of seg:ofIset. For example, the logical address BOOO:OOOO 
represents the physical address BOOOOH. If the address is within the same segment, 
it is a 16-bit address and uses a near pointer. If the address is outside the segment, 
it is in the 32-bit form of seg:ofIset and uses a far pointer. In C compilers for the 
SOxS6 PC, the physical address of BSOOOH is represented in its seg:offset form of 
BSOO:OOOOH and is declared as OxBSOOOOOO, where "Ox" indicates a hex number. 

unsigned int far *pter; I*declare a far pointer */ 
pter = (unsigned int far*) OxB8000000; 
I*assigned the hex B8000000 address to pter pointer */ 

The code "unsigned int far *" is written to typecast address OxBSOOOOOO 
since pter=OxBSOOOOOO will cause the compiler to generate a warning message. 
This typecasting informs the compiler that OxBOOOOOOO (a long integer) is a far 
pointer pointing to an unsigned integer. Next we show how the BIOS data area can 
be accessed to examine the PC hardware configurations and its devices. 

Accessing BIOS data area with C 

As we have seen throughout many ofthe chapters in this book, the physical 
memory locations 00400H to 004FFH, commonly referred to as the BIOS data area, 
hold some very important information about PC hardware configuration and the 
status of many of its devices, such as printer and COM ports. The address for the 
BIOS data area in seg:ofIset format is 0000:0400H - OOOO:04FFH. Example 2S-7 
uses C to detect the installation ofLPTI and display the port address assigned to it. 
Example 2S-S shows how the COM2 port is detected and reported. 

Write a C program to detect the installation ofLPTI and report the 1/0 port address assigned to it. 

Solution: 

BIOS detects all the LPTs installed on the PC and reports the I/O port addresses to BIOS memory 
locations 0040SH - 40FH, where 40SH and 409H hold the I/O port address for LPTl, 40AH and 
40BH for LPT2, and so on. If no LPT is installed, zeros are found in these memory locations. 

/* this program detects the installation of LPT1 and reports the I/O port address 
assigned to it. * / 

#include <stdio.h> 
#include <dos.h> 
mainO 
( 
unsigned int far *xptr; 1* a far pointer *1 
xptr=(unsigned int far *) Ox00000408; /* assign address */ 
if(*xptr >0) 
printf("I/O base address assigned to LPT1 is %X In",*xptr); 
else printf("LPT1 = None found"); 
} 
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Example 28-8 

Write a C program to detect the presence of COM2 and report the VO port address assigned to it. 

Solution: 

As was discussed in Chapter 17, BIOS detects all the COM ports installed on the PC and reports the 
VO port addresses to BIOS data area memory locations 00400H - 407H, where 400H and 40lH 
hold the VO port add~ess for COMI, 402H and 403H for COM2, and so on. Ifno COM is installed, 
zeros are found in these memory locations. Thercfore, we have the following C program. 

1* this program detects the installation of COM2 and reports the 1/0 port address 
assigned to it. 'I 

#include <stdio.h> 
#include <dos.h> 
mainO 
{ 
unsigned int far 'xptr; I' a far pointer 'I 
xptr-(unsigned int far ') Ox00000402; 1* assign address 'I 
if('xptr >0) 
printf("I/O base address aSSigned to COM2 is %X In",*xptr); 
else printf("COM2 = None found"); 
} 

Programming input/output ports with CtC++ 

All major C compilers provide functions to access VO ports of the 80x86 
microprocessor. Table 28-2 shows accessing the 8-bit ports of the 80x86. 

Table 28-2: Accessing 8-bit 110 Ports with Assembly, C 

80x86 AssemblY Microsoft C Borland C· Borland C (native) 

OUT oort#AL outo( oort# bvte) outo( oort# bvte) outnortb( oort# bvte) 

OUTDXAL outo( oort# bvte) outo(oort# byte) outoortb( oort# bvte) 

IN AL,port# inp(port#) ino(oort#) innortbfnort#) 

IN AL~DX ino(port#) ino(oort#) inoortb( oort#) 
Note: For both Microsoft and Borland compilers, port# IS an unsigned wteger data type fOfjlOrt address (0000 to 
0xFFFF) and byte is an unsiglJed char data type (00 - OxFF) for data to be sent to the port. For inp, the data received 
is of unsigned char type (00 - OxFF). 

• Indicates Borland C code that is Microsoft-compatible. 
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Next we use the input/output port in C to play musical notes. 

Revisiting playing music 

In Chapter 13 we studied the 8253/54 timer of the 80x86 PC and discussed 
how counter 2 is programmed in Assembly language to play music. We repeat the 
same concept except that we use C language. Example 28-9 is a C version of 
Example 13-6. 

Accessing parallel printer's (LPT1) data bus with C 

As another example of accessing VO ports with C, in Example 28-10 we 
program the LPTI parallcl printer port to display binary counts through its DO - 07 
data bus. This illustrates the concept of data acquisition through the PC parallel port 
used so widely by today's peripheral devices, such as CD-ROM and data acquisition 
boards. 
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Example 28-9 
Rewrite Example 13-6 in C to play notes D3, A3, A4 for 250, 500, and 500 ms, respectively. 

Solution: 
1* For time delay generation we are using the delay (unsigned milliseconds) func­
tion from Borland C'CH dos.h library. *' 

#include <dos.h> 
mainO 
( 
unsigned char orgbits; '* for orginal status of port B *' 
unsigned char bits; '* new status of port B *' 
outp(Ox43, OxB6); '* 8253'54 control byte *' 

1* For 03 note 1.1931 MHzl147Hz=8116 =1 FB4 Hex *' 
outp(Ox42,OxB4); 1* send the low byte to port Ox42 *' 
outp(Ox42,Oxl F); 1* send the high byte to port Ox42 *' 
orgbits=inp(Ox61); 1* get the original status of port B *' 
bits=orgbitsl3; '* make dO=1 ,dl=1 to turn the speaker on *' 
outp(Ox61 ,bits); '* speaker is on and note is playing *' 
delay(250); '* wait for 250 milliseconds *' 
outp(Ox61,orgbits); 1* turn the speaker off *' 
delay(100); 1* wait for 100 milliseconds *' '* Repeat for A3 note where 1.1931MHzl220Hz=5423 =152F Hex *' 
outp(Ox42,Ox2F); 1* low byte *' 
outp(Ox42,OxI5); 1* high byte *' 
orgbits=inp(Ox61 ); 
bits=orgbitsI3; 
outp(Ox61 ,bits); 
delay(500); 
outp(Ox61,orgbits); 
delay( 100); '* Repeat for A4 note where 1.1931MHzl440Hz=2711=OA97 Hex *' 
outp(Ox42,Ox97); 1* low byte *' 
outp(Ox42,OxOA); 1* high byte *' 
orgbits=inp(Ox61 ); 
bits=orgbitsI3; 
outp(Ox61 ,bits); 
delay(500); 
outp(Ox61,orgbits); 
) 

LPTI Connector Digital Trainer 

DO LEDI 

Dl LED2 

.. . . .. ... 
D6 LED? 

D7 LED8 

BUSY SWI 
ACK SW2 

GND GND 

Figure 28-1. Switches and LEO Connections to LPTI for Example 28-10 
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Example 28-10 

Some devices use the 00 - 07 data bus of a parallel port to access the IBM PC system board data bus 
instead of 00 - 07 of the expansion slot. Connect the LPTI 00 - 07 data bus to LEOs and write a C 
program to perform a binary count. 

Solution: 

After refreshing your memory on the role of the ACK and BUSY printer's status signals, discussed in 
Chapter 18, follow these steps. 
I. Connect the LPTl data port to LEOs of your digital 1/0 trainer. 
2. Connect SWI of your digital 110 trainer to the BUSY status signal of printer. BUSY is bit 7 of 

the status port. See Figure 28-1. 
3. Connect the printer's ACK status signal to SW2 of your digital 110 trainer. ACK is bit 6 of 

the status port. 
4. Write a C program to perform the following objectives. 

(a) If SWI =0, it counts. 
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(b) IfSWI=I, it quits. 
(c) IfSW2=0, the LEOs should flash. 
(d) If SW2= 1, the LEOs will show the binary count with some time off in between each count. 

If the time-off is too short, the LEOs will be on all the time instead of showing the count. 

'* SW1 =BUSY: When SW1 =0 run. When SW1 =1 quit *' 
'* SW2=ACK: When SW2=0 flash. When SW2=1 show the count *' 

#include <stdio.h> 
#include <dos.h> 
#define datalpt1 Ox3BC '* LPT1 's I/O port address for 00-07*' 
#define statlpt1 Ox3BO 1* status port address for LPT1 *1 

'* Notice: As shown in Chapter 18, in some PCs the port addresses of 
378H,379H,and 37 AH are assigned to LPT1. Modify the port addresses for your 
PC before you run it *1 

mainO 
{ 
int i; 
while(inp(statlpt1) & Ox80) 1* keep monitoring bit 7 for BUSY *' 

} 

{ 
if(inp(statlpt1 )&Ox40) r if ACK bit (bit 6) is high*' 

else 

} 

for(i=O; i <= OxFF;i++) 1* then count up*' 
{ 
outp(datalpt1 ,i); 1* and send it to LEOs*' 
delay(200); '*and wait in between *' 
} 

1* otherwise flash since ACK bit 6 is low *' 
{ 
outp(datalpt1,OxFF); 
delay(100); 
outp(datalpt1,OxOO); 
delay(100); 
} 

1* Tum on all LEOs *' 
1* Wait *' 
1* Now turn off all LEOs *' 
'* wait. The flash rate is 100 ms *' 

'* This example is adapted from a fine book, Technical C Programming by Vin­
cent Kassab, published by Prentice Hall *' 
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Before ending the discussion about input and output ports, it is interesting 
to note that C compilers also provide a means by which one can access l6-bit devices 
where the data bus is l6-bit (word size). This is shown in Table 28-3. Since the 
peripheral chips used on the PC motherboard, such as the 8253/54, 8259, 8237, are 
all 8-bit, we do not use these functions to access them. However, these functions are 
useful for data acquisition board interfacing with a 16-bit data path. 

Table 28-3: Accessing 16-bit Devices 

Ii 80l:86 Assembly. - m I Microsoft ~~~_ . .-"BC'<..o"rl""!lD,,,d~~~~_~~~~u I: 
I OUT DX,AX !Outpw(port#,wordL loutport{port#,word) J 
, . . 

I INAX...JlX .. ...... ! inpw(port#).. ..... I inport(port#) 
Note: Variable port# is an integer, word is an integer. See Chapter 12 for more on this topic. 

Finding memory above 1MB: the extended memory size 

In the today's 286/386/486/Pentium PC, the DRAM memory installed is 
often more than 1M. As discussed in Chapter 25, memory above 1M is referred to 
as extended memory. To find out how much extended memory is available, we can 
use INT ISH option 88H. After executing the function 88H of BIOS !NT ISH, the 
total available extended memory is reported in the AX register. Notice that it is the 
total available extended memory and not the total installed extended memory. The 
difference between them will be discussed soon. Example 28-11 shows how to get 
the size of available extended memory. 

Running Example 28-11 on your PC might give you OK extended memory 
even though you are absolutely sure (by using the MEM command) that you have 
extended memory. This is due to the fact that the DOS memory manager (or any 
third-party memory manager) will take over all the memory management of the PC, 
including extended memory, and provides 0 value to !NT ISH option 88H. The zero 
amount of extended memory available does not mean that zero amount is installed. 
To find the amount of extended memory installed, we must get its size from the 
CMOS RAM of the 286/386/486/Pentium Pc. The CMOS RAM is described next. 

Example 28-11 

Use the int86 function to find the available memory above 1MB (extended memory) in your Pc. Use 
BIOS !NT ISH function 88H. 

Solution: 

r The BIOS INT 15 option 88H provides the total available extended 
memory in KBytes size in AX register. This program must be used only on 286 
and higher pes *' 

#include <stdio.h> 
#inciude <dos.h> 
mainO 
{ 
int extmem; 
union REGS regin,regout; 
regin.h.ah=Ox88; r option 88H *' 
int86(Ox15,&regin,&regout); r of BIOS INT 15H *' 
extmem=regout.x.ax; 
printf("The available extended memory is %d KB \n",extmem); 
} 
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Programming the CMOS RAM real-time clock (RTC) 

The PC/XT used DIP switches on the motherboard to set the hardware 
configuration of the Pc. Starting with the 80286 PC/AT, all 80x86 PCs use 
Motorola's real-time clock MCl468l8 chip (or a compatible one) to store the PC 
configuration. In these types of PCs, the configuration is performed by a setup 
program and eliminates any need to open the PC in order to set the DIP switches. 
The CMOS RAM is powered by a small nickel-cadmium or lithium battery when 
the PC is off. If the battery runs down, the contents of CMOS RAM are erased and 
you will not be able to access your hard disk since the CMOS RAM holds the table 
for hard disk drive type. Without access to the drive type number, BIOS will not be 
able to recognize the hard drive. For this reason you must keep a copy of the CMOS 
RAM contents somewhere safe in case you need it. The CMOS RAM has a capacity 
of 64 bytes and is assigned the port addresses of 70H and 7lH in the 
286/386/486/Pentium PC. Table 28-4 shows the assignment of the 64 bytes of 
CMOS RAM. 

Much of the information in CMOS RAM is accessible by means of BIOS 
!NT IAH or !NT 21H DOS function calls. We must never write into CMOS RAM 
unless we know what we are doing, and even in that case we must be extremely 
careful since CMOS RAM holds some very critical information. The contents of 
CMOS RAM are accessible only one byte at a time. Next we explain why. 

Accessing the CMOS RAM bytes 

To access any bytes of the CMOS RAM, the following procedures must be 
performed. 

1. Send the location ofthe desired byte to port address 70H. 
2. Read its contents by way of port address 71H. 

This way of accessing CMOS RAM avoids assigning any of the 80x86 
memory space to the MCl46818 RTC (real-time clock) chip. This method prevents 
memory fragmentation of RAM space in the PC. This means that although CMOS 
RAM is RAM memory, it is not taking any of the 80x86 memory space. Instead, it 
is mapped into the I/O space. 

Example 28-12 

Show how to read the contents of CMOS RAM locations 30H and 3lH in Assembly language. 

Solution: 

820 

MOV AL,30H ;Iocation 30H of CMOS RAM 
OUT 70H,AL ;to be accessed 
IN AL, 71 H ;read its contents 
MOV CL,AL ;save it in CL 
MOV AL,31H ;Iocation 31H of CMOS RAM 
OUT 70H,AL ;to be accessed 
IN AL,71H ;read its contents 
MOV CH,AL ;save it in CH 

;now CX has the size of memory above 1 MB (extended memory) 
;installed in this PC, the size is in K bytes 

Of the CMOS RAM contents, we are interested in the size of extended 
memory. BIOS of the 286/386/486IPentium PC determines the amount of installed 
memory above I M and reports its size (in kilobytes) to CMOS RAM locations 30H 
and 31H (see Table 28-4). Location 30H holds the low byte, while location 31H 
holds the high byte. This was shown in Example 28-11 for Assembly language. 
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Table 28-4: CMOS RAM Information 

1~~~A~d""d~re""s~s~~~I~~~~~:c~:~~:~:~~o~n~~~~~~_~~.~~-~~~~.--~~~~-~~~~~~~~~---~.-~~'~~'-~ ,_ ,'-lil 
O'-'O'---__ ~!f---" ~ "'" _ ,~ ~ ~ ~ ~ 

01 '* Second alarm ____ jl 
____ 02 ! * Minutes -~- ___ ~I 

'I 03 I * Minutes alaTI11_____________ -----11 
04 ___ +-: *~H"""o"ur'_"s'___ ,I 

, 

1:-----

05 * Hour~a=larm=~ ______ _ 

06 * Day of week __________ _ 

07 !*Dayofmonth ___ ~-_-~- ,,', 
08 ___ +-*_M="o"'n ... th"----__ ~~ __ ~_____________ ~ 

__ -,,0~9 ____ +--* Year 

I 

, 

~ 

l-- ~ OA * Status register An ~ __ ~ __ j 
OB * Status register)3 __ ~nm ____ ~ 

'f- OC , * Status register C ~_ ~_ n 1 

~ __ ~OD ~+' * Status register D I" 

!! 

if OE I * Diagnostic status byte ~ -----1 
'I _O"'F ______ i-" *-'S"'h ... u,o,t""d~o\¥lI'_'S"'t".a,..tu,..s'_'b"'.yL"t,..e _________ _ 

, 10 ~1I:liskette drive type byte (drives A and B) 
,c-I---~-

II -+R~se=rv~e=d~ __________ _ 

I 

~ __ -'1 ... 2'---__ -+I'cF ... ix .... e"d disk type byte (types I - 14) 

,~I ___ -'1~3 ___ -+i~R~eserved 
14 [.Equipment byte I 

" 

i 15 
1---- i Low base memory_b)'te (conventional memory size is set durin~-"se,..tu='-----1 

! 16 ~ I High base memory byte i£QIl,,~enJiQnal memory size is set during setuJ?l_J 

L-_17 __ lcoL~o~w, eJ>m!nsion memory byte (extended memo~ze is set during setup) 
, 

I 18 
'~----------------

I High e~pansion memory byte (extended memory sizei§_ set during setup) 

IA 

~ ___ misl~ c= __ e ... x"'te=n=d=e=d-"bC.Ly=te'---_______ _ 

-lI2isJ<: D extended byte 

c-_-,I=B~--,2D ~ "Rese~rv~e=d,---_________ _ 

L-- 2E - 2F __ : 2-byte CMOS checJ<:su1l1_ m ___ n J, 
r- 3JL_ 1* Low expansionITI~moryl!ytf: (set during POST) I 

~--~ ~~ __ -__ !:~:~:~::~::~'Yby!"~,dmi"gPOS1}m1 
c--- n ______ *InfoTlllation flags (set during power on) _____ n_n_, 
~, "~ 34 - 3 F Reserved,_~J 
*-these bytes are not i;C:iuded in the checksum calculation anl are not paI-i"of the configuration record~~o~-­
(Reprinted by permission from "IBM Technical Reference" c. 1988 by International Business Machines Corporation) 
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Programming CMOS RAM with C/C++ 

Locations 30H and 31 H hold the size of installed extended memory. CMOS 
RAM locations can be accessed a byte at a time. In other words, they cannot be 
accessed as words or doublewords since they are not part of the 80x86 memory 
space. The values held by locations 30H and 31H are in hexadecimal. Therefore, 
when we get the second byte it must be shifted left 2 digits in hex to make it the 
most significant byte of word size data and then added to the first byte to get the 
size of installed extended memory. Examples 28-13 and 28-14 find the size of 
installed extended memory in C language, using two different methods. 

Example 28-13 

Write a C program to display the size of extended memory installed on a 286/386/486/Pentium PC. 

Solution: 
I"This C program displays the size of installed extended memory as 
reported by BIOS to CMOS RAM locations 30H and 31 H during power-up. *1 
#include <stdio.h> 
#include <dos.h> 
main() 
( 
unsigned char b1 ,b2; 
int extmem; 
int w; /* upper byte of word size extended memory *j 

outp(Ox70,Ox30); 1* get the low byte *j 

b1 =inp(Ox71); 
outp(Ox70,Ox31); /* get the high byte *j 

b2=inp(Ox71 ); 
w=Ox100*b2; /* shift left 2 hex digits to make it upper byte * j 
extmem=w+b1; 1* add it to lower byte and display the size *j 

printf("The extended memory installed is: %d KB In",extmem); 
) 

Example 28-14 

This example shows another version of the program in Example 28-13. Notice how the upper byte is 
generated. 
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#inc/ude <stdio.h> 
#include <dos.h> 
main() 
( 
unsigned char b1 ,b2; 
int extmem; 
int w; 1* upper byte of word size extended memory *j 

outp(Ox70,Ox30); 1* get the low byte *j 

b1 =inp(Ox71); 
outp(Ox70,Ox31); 1* get the high byte *j 

b2 = inp(Ox71); 
w = b2«8; 1* shift left 8 digits (in binary) to make it upper byte *j 

extmem=w+b1; /* add it to lower byte and display the size *j 

printf("The extended memory installed is: %d KB In" ,extmem); 
) 
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SUMMARY 

Review Questions 

1. Show how the starting address of video RAM in an MDA card is represented in 
C/C++. 

2. Repeat Question I for the graphics mode address of a VGA card. 
3. Declare the pointer and assign the address for Question 1. 
4. Declare the pointer and assign the address for Question 2. 
5. To access memory space within the segment the __ (near, far) pointer is used. 
6. In function "outp (port#,data)", the port address can be __ or __ bits. 
7. What is the size of data in Question 6? 
8. The function "inp(port#)" returns a value of __ -bit size. 
9. Put "INT 3" at the end of Example 28-12 and run it in DEBUG. What is the ex­

tended memory in your PC? 
10. If CMOS RAM locations 30H and 3lH have the values 00 and 04, respectively, 

calculate the size of installed extended memory. Show your calculation. 

The first section of this chapter shows how to access registers, as well as 
DOS and BIOS function calls, with C/C++. The C structure REGS can be used to 
access both 8- and 16-bit 80x86 general-purpose registers, plus SI, DI, and the carry 
flag. The int86 function can be used to call any of the 80x86 PC's interrupts, 
including BIOS INT 10H function calls. The intdos function is used for INT 21H 
DOS function calls. Segment registers CS and SS cannot be accessed through C, 
but the intdosx and int86x functions can be used to access segment registers ES and 
OS. 

The second section demonstrated PC hardware programming with CIC++. 
The memory address space of the 80x86 can be accessed through CIC ++ by 
initializing a pointer to a logical address. The BIOS data area of the PC and CMOS 
RAM can be accessed by this means, as well. C can be used to program 1/0 ports 
such as COM and LPT ports. 

PROBLEMS 

SECTION 28.1: BIOS AND DOS INTERRUPT PROGRAMMING WITH C 

I. Show how to use the union REGS to set AX ~9878H, BH~90H, and CL~F4H. 
2. Write a C function to set the cursor using int86. Then use it to set the cursor to 

row~lO, col~20 and display the message "HELLO". 
3. Write a C function for changing the cursor shape. The prompt should ask for the 

start and end lines of the cursor. See the end of Chapter 16 for a discussion of 
video cursor shape. 

4. Write a C program with the following objectives. 
(a) Clear the screen. Use int86. 
(b) Set the cursor to somewhere around the middle of the screen. Use int86. 
(c) Display the date and time continuously in the following format. Use intdos. 

Time: hr:min:sec 
Date: mon/day/yr 

(d) A prompt should ask for "Q" to quit. Use C functions. 
(e) When the user types in Q, it should quit displaying time and date and go back to 

DOS. Use C functions. 
5. A programmer has declared the REGS union as follows. Would this work? 

union REGS inregs,outregs; 
6. In Problem 5, write a program to clear the screen using int86. Use 16-bit registers. 
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SECTION 28.2: PROGRAMMING PC HARDWARE WITH CIC++ 

7. A memory location in the BIOS data area holds the size of the conventional mem­
ory. Write a program in C to get the value and display it. This problem isjust like 
Example 28-3 except that the memory size comes from the BIOS data area. 

8. Write a C program to display the VO port address assigned to all the LPTs. If a 
given LPT is not installed, it should display none. 

9. Repeat Problem 8 for the COM ports. 
10. Rewrite Example 28-9 for the first line of the song "Mary Had a Little 

Lamb." See Chapter 13 for the notes. 
I I. Write an Assembly program to access memory locations 17H and 18H of the 

CMOS RAM and put it in CX. Show the run in DEBUG. 
12. Write an Assembly program to access memory locations 15H and 16H of the 

CMOS RAM and put it in CX. Show the run in DEBUG. 
13. If, in a given PC, CMOS RAM locations 30H and 3lH have the values of 00 and 

ID, respectively, calculate the size of the extended memory for this Pc. Is this 
the size of available or installed extended memory? 

14. Write and run a C program to display the memory size in bytes for the following 
cases. 
(a) The size of conventional memory as indicated by locations 15H and 16 of the 

CMOS RAM. 
(b) The size of extended memory as indicated by locations 17H and 18H of the 

CMOS RAM. 
(c) The size of extended memory as indicated by locations 30H and 31 H of the 

CMOS RAM. 
15. Repeat Problem 14, parts (b) and (c), to display the memory in kilobytes and 

megabytes. Use the float data type to get the decimal points for megabytes. 

ANSWERS TO REVIEW QUESTIONS 

SECTION 28.1: BIOS AND DOS INTERRUPT PROGRAMMING WITH C 
1. true 
2. false; only for the INT 21H 
3. 3,2 
4. false 
5. Yes; we can use any name. Other commonly used names are inregs,Dutregs, and r1,r2. 
6. int86x 
7. four: INT#, &regin, &regout, &regseg 
8. true 

SECTION 28.2: PROGRAMMING PC HARDWARE WITH C/C++ 
1. OxBOOOOOOO 
2. OxAOOOOOOO 
3. unsigned int far 'mdaptr; 

mdaptr = (unsigned int far') OxBOOOOOOO; 
4. unsigned int far 'vgaptr; 

vgaptr = (unsigned int fal'*) OxAOOOOOOO; 
5. near 
6. 8, 16 
7. 8 bits 
8. 8-bits 
9. CX=OCOO, size=3072KB 
10. The memory size (Kbytes) is 0400 in hex or 4 x 256 = 1024K in decimal. 

824 CHAPTER 28: PROGRAMMING DOS, BIOS, HARDWARE WITH C/C++ 



APPENDIX A: DEBUG 
PROGRAMMING 

DEBUG is a program included in the MS-DOS and PC-DOS operating 
systems that allows the programmer to monitor a program's execution closely for 
debugging purposes. Specifically, it can be used to examine and alter the contents 
of memory, to enter and run programs, and to stop programs at certain points in order 
to check or even change data. This appendix provides a tutorial introduction to the 
DEBUG program. You will learn how to enter and exit DEBUG, how to enter, run, 
and debug programs, how to examine and alter the contents of registers and memory, 
plus some additional features of DEBUG that prove useful in program development. 
Numerous examples of Assembly language programming in DEBUG are given 
throughout and the appendix closes with a quick reference summary ofthe DEBUG 
commands. 

First, a word should be said about the examples in this appendix. Within 
examples, what you should type in will be represented in italic caps: 

ITALICS CAPS REPRESENT WHAT THE USER TYPES IN 

and the response of the DEBUG program will be in bold caps: 

BOLD CAPS REPRESENT THE COMPUTER RESPONSE 

The examples in this appendix assume that the DEBUG program is in drive 
A and that your programs are on drive B. If your system is set up differently, you 
will need to keep this in mind when typing in drive specifications (such as "B:"). It 
is strongly suggested that you type in the examples in DEBUG and try them for 
yourself. The best way to learn is by doing! 

SECTION A.1: ENTERING AND EXITING DEBUG 

To enter the DEBUG program, simply type its name at the DOS level: 

A>DEBUG <return> 

"DEBUG" may be typed in either uppercase or lowercase. Again let us note 
that this example assumes that the DEBUG program is on the diskette in drive A. 
After "DEBUG" and the carriage return (or enter key) is typed in, the DEBUG 
prompt "-" will appear on the following line. DEBUG is now waiting for you to type 
in a command. 

Now that you know how to enter DEBUG, you are ready to learn the 
DEBUG commands. The first command to learn is the quit command, to exit 
DEBUG. 

The quit command, Q, may be typed in either uppercase or lowercase. 
This is true for all DEBUG commands. After the Q and carriage return have been 
entered, DEBUG will return you to the DOS level. This is shown in Example A-I, 
on the following page. 
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Example A-I: Entering and ExitingHEBUG 

A>DEBUG <return> 
-0 <return> 
A> 

SECTION A.2: EXAMINING AND ALTERING THE CONTENTS OF 
REGISTERS 

The register command allows you to examine and/or alter the contents of 
the internal registers of the CPU. The R command has the following syntax: 

R <register name> 

The R command will display all registers unless the optional <register 
name> field is entered, in which case only the register named will be displayed. 

Example A-2: Using the R Command to Display All Registers 

A>DEBUG <return> 
-R <return> 
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AX=OOOO BX=OOOO CX=OOOO OX=OOOO 5P=FFEE BP=OOOO 51=0000 01=0000 
05=OC44 E5=OC44 55=OC44 C5=OC44 IP=0100 NV UP 01 PL NZ NA PO NC 
OC44:0100 0000 AOO [BX+511AL 05:0000=CO 

After the R and carriage return are typed in, DEBUG responds with three 
lines of information. The first line displays the general-purpose, pointer, and index 
registers' contents. The second line displays the segment registers' contents, the 
instruction pointer's current value, and the flag register bits. The codes at the end 
of line two, "NY UP DI ... NC", indicate the status of eight of the bits of the flag 
register. The flag register and its representation in DEBUG are discussed in Section 
A.6. The third line shows some information useful when you are programming in 
DEBUG. It shows the instruction pointed at by CS:TP. The third line on your system 
will vary from what is shown above. For the purpose at hand, concentrate on the 
first two lines. The explanation of the third line will be postponed until later in this 
appendix. 

When you enter DEBUG initially, the general-purpose registers are set to 
zero and the flag bits are all reset. The contents of the segment registers will vary 
depending on the system you are using, but all segment registers will have the same 
value, which is decided by the DOS operating system. For instance, notice in 
Example A-2 above that all segment registers contain OC44H. It is strongly recom­
mended not to change the contents of the segment registers since these values have 
been set by the operating system. Note: In a later section of this appendix we show 
how to load an Assembly language program into DEBUG. In that case the segment 
registers are set according to the program parameters and registers BX and CX will 
contain the size of the program in bytes. 

Tfthe optional register name field is specified in the R command, DEBUG 
will display the contents of that register and give you an opportunity to change its 
value. This is seen next in Example A-3. 
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Example A-3: Using the R Command to Display/Modify Register 

(a) Modifying the contents of a register 

-RCX 
ex 0000 
:FFFF 
-RCX 
ex FFFF 

(b) DEBUG pads values on the left with zero 

-RAX 
AX 0000 
: 1 
-RAX 
AX 0001 
:21 
-RAX 
AX 0021 
:321 
-RAX 
AX 0321 
:4321 
-RAX 
AX 4321 
:54321 

1\ Error 

(c) Entering data into the upper byte 

-RDH 
BR Error 
-RDX 
ox 0000 
:4COO 

Part (a) of Example A-3 first showed the R command followed by register 
name CX. DEBUG then displayed the contents ofCX, which were 0000, and then 
displayed a colon ":". Atthis point anew value was typed in, and DEBUG prompted 
for another command with the "-" prompt. The next command verified that CX was 
indeed altered as requested. This time a carriage return was entered at the ":" prompt 
so that the value of CX was not changed. 

Part (b) of Example A-3 showed that iffewer than four digits are typed in, 
DEBUG will pad on the left with zeros. Part (c) showed that you cannot access the 
upper and lower bytes separately with the R command. If you type in any digit other 
than 0 through F (such as in "2FOG"), DEBUG will display an error message and 
the register value will remain unchanged. 

See Section A.6 for a discussion of how to use the R command to change 
the contents of the flag register. 

SECTION A_3: CODING AND RUNNING PROGRAMS IN DEBUG 

In the next few topics we explore how to enter simple Assembly language 
instructions, and assemble and run them. The purpose of this section is to familiarize 
the reader with using DEBUG, not to explain the Assembly language instructions 
found in the examples. 
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A, the assemble command 

The assemble command is used to enter Assembly language instructions 
into memory. 

A <starting address> 

The starting address may be given as an offset number, in which case it is 
assurned to be an offset into the code segment, or the segment register can be 
specified explicitly. In other words. "A 100" and "A CS: I 00" will achieve the same 
results. When this command is entered at the command prompt "-", DEBUG will 
begin prompting you to enter Assembly language instructions. After an instruction 
is typed in and followed by <return>, DEBUG will prompt for the next instruction. 
This process is repeated until you type a <return> at the address prompt, at which 
time DEBUG will return you to the command prompt level. This is shown in part 
(al of Example A-4. 

Before you type in the commands of Example A -4, be aware that one 
important difference between DEBUG programming and Assembly language pro­
gramming is that DEBUG assumes that all numbers are in hex. whereas most 
assemblers assume that numbers are in decimal unless they are followed by "H". 
Therefore. the Assembly language instruction examples in this section do not have 
"H" after the numbers as they would if an assembler were to be used. For example, 
you might enter an instruction such as "MOY AL,3F". In an Assembly language 
program written for MASM. for example, this would have been typed as "MOY 
AL,3FH". 

Example A-4: Assemble, Unassemble, and Go Commands 
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(a) Assemble command 

-A 100 
1030:0100 MOV AX, 1 
1030:0103 Movax,2 
1030:0106 MOV eX,3 
1030:0109 ADD AX,ax 
1030:010B ADD AX,ex 
1030:0100 INT 3 
1030:010E 

(b) Unassemble command 

-u 100 10D 
1030:0100 B80100 
1030:0103 BB0200 
1030:0106 B90300 
1030:01090108 
1030:010B 01C8 
1030:0100 CC 

(c) Go command 

-R 

MOV 
MOV 
MOV 
ADD 
ADD 
INT 

AX,0001 
BX,0002 
CX,D003 
AX,BX 
AX,CX 
3 

AX=OOOO BX=OOOO CX=OOOO OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0100 NV UP 01 PL NZ NA PO NC 
1030:0100 B80100 MOV AX,0001 
-G 
AX=0006 BX=0002 CX=0003 OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0100 NV UP 01 PL NZ NA PE NC 
1030:0100 CC INT 3 
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As you type the instructions, DEBUG converts them to machine code. If 
you type an instruction incorrectly such that DEBUG cannot assemble it, DEBUG 
will give you an error message and prompt you to try again. Again, keep in mind 
that the value for the code segment may be different on your machine when you run 
Example A-4. Notice that each time DEBUG prompts for the next instruction, the 
offset has been updated to the next available location. For example, after you typed 
the first instruction at offset 0100, DEBUG converted this to machine language, 
stored it in bytes 0 I 00 to 0102, and prompted you for the next instruction, which 
will be stored at offset 0103. Note: Do not assemble beginning at an offset lower 
than 100. The first 100H (256) bytes are reserved by DOS and should not be used 
by your programs. This is the reason that examples in this book use" A I 00" to start 
assembling instructions after the first 100H bytes. 

U, the unassemble command: looking at machine code 

The unassemble command displays the machine code in memory along with 
their equivalent Assembly language instructions. The command can be given in 
either format shown below. 

U <starting address> <ending address> 
U <starting address> < L number of bytes> 

Whereas the assemble instruction takes Assembly language instructions 
from the keyboard and converts them to machine code, which it stores in memory, 
the unassemble instruction does the opposite. Unassemble takes machine code 
stored in memory and converts it back to Assembly language instructions to be 
displayed on the monitor. Look at part (b) of Example A-4 on the preceding page. 
The unassemble command was used to unassemble the code that was entered in part 
(a) with the assemble command. Notice that both the machine code and Assembly 
instructions are displayed. The command can be entered either with starting and 
ending addresses, as was shown in Example A-4: "u 100 IOD", or it can be entered 
with a starting address and a number of bytes in hex. The same command in the 
second format would be"U 100 LD", which tells DEBUG to start unassembling at 
CS: I 00 for D bytes. If the U command is entered with no addresses after it: "u 
<return>", then DEBUG will display 32 bytes beginning at CS:IP. Successively 
entering "U <return>" commands will cause DEBUG to display consecutive bytes 
of the program, 32 bytes at a time. This is an easy way to look through a large 
program. 

G, the go command 

The go command instructs DEBUG to execute the instructions found 
between the two given addresses. Its format is 

G < = starting address> <stop addressees»~ 

If no addresses are given, DEBUG begins executing instructions at CS:IP 
until a breakpoint is reached. This was done in part (c) of Example A-4 on the 
preceding page. Before the instructions were executed, the R command was used to 
check the values of the registers. Since CS:IP pointed to the first instruction, the G 
command was entered, which caused execution of instructions up until "!NT 3", 
which terminated execution. After a breakpoint is reached, DEBUG displays the 
register contents and returns you to the command prompt" -". Up to I 0 stop addresses 
can be entered. DEBUG will stop execution at the first of these breakpoints that it 
reaches. This can be useful for programs that could take several different paths. 
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Example A-5: Various Forms of the Go Command 

The program is first assembled: 

830 

-A 100 
1030:0100 MOV AX, 1 
1030:0103 MOVax,2 
1030:0106 MOV eX,3 
1030:0109 ADD AX,ax 
1030:010B ADD AX,ex 
1030:0100 INT 3 
1030:010E 

(a) Go command in form "G" 

-G 
AX=0006 BX=0002 CX=0003 OX=OOOO 5P=CFDE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0100 NV UP 01 PL NZ NA PE NC 
1030:0100 CC INT 3 

(b) Go command in form "G = start address" 

-G =100 
AX=0006 BX=0002 CX=0003 OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=010D NV UP 01 PL NZ NA PE NC 
1030:0100 CC INT 3 

(c) Go command form "G = start address ending address" 

-G =100109 
AX=OOOl BX=0002 CX=0003 OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0109 NV UP 01 PL NZ NA PE NC 
1030:01090108 AOO AX,BX 

(d) Go command format "G address" 

-RIP 
IP 0109 
:0100 

-G 109 
AX=OOOl BX=0002 CX=0003 OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0109 NV UP 01 PL NZ NA PE NC 
1030:01090108 AOO AX,BX 

At this point the third line of the register dump has become useful. The 
purpose of the third line is to show the location, machine code, and Assembly code 
of the next instruction to be executed. In Example A-5, look at the last line in the 
register dump given after the G command. Notice at the leftmost part of line three, 
the value CS:IP. The values for CS and IP match those given in lines one and two. 
After CS:IP is the machine code, and after the machine code is the Assembly 
language instruction. 

Part (a) of Example A-5 is the same as part (c) of Example A-4. The go 
command started at CS:IP and executed instructions until it reached instruction "TNT 
3". Part (b) gave a starting address but no ending address; therefore, DEBUG 
executed instructions from offset 100 until "TNT 3" was reached. This could also 
have been typed in as "G =CS: 100". Part ( c) gave both starting and ending addresses. 
We can see from the register results that it did execute from offset 1 00 to I 09. Part 
(d) gave only the ending address. When the start address is not given explicitly, 
DEBUG uses the value in register IP. Be sure to check that value with the register 
command before issuing the go command without a start address. 
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T, the trace command: a powerful debugging tool 

The trace command allows you to trace through the execution of your 
programs one or more instructions at a time to verify the effect ofthe programs on 
registers and/or data. 

T <= starting address> <number of instructions> 

This tells DEBUG to begin executing instructions at the starting address. 
DEBUG will execute however many instructions have been requested in the second 
field. The default value is I if no second field is given. The trace command functions 
similarly to the go command in that if no starting address is specified, it starts at 
CS:IP. The difference between this command and the go command is that trace will 
display the register contents after each instruction, whereas the go command does 
not display them until after termination of the program. Another difference is that 
the last field of the go command is the stop address, whereas the last field of the 
trace command is the number of instructions to execute. 

Example A-6 shows a trace of the instructions entered in part (a) of Example 
A-4. Notice the way that register IP is updated after each instruction to point to the 
next instruction. The third line of the register display shows the instruction pointed 
at by IP, that is, the next instruction to be executed. Tracing through a program allows 
you to examine what is happening in each instruction of the program. Notice the 
value of AX after each instruction in Example A-6. 

Example A-6: Trace Command 

-T=1005 
AX=0001 BX=OOOO CX=OOOO OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0103 NV UP 01 PL NZ NA PO NC 
1030:0103 BB0200 MOV BX,0002 

AX=0001 BX=0002 CX=OOOO OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0106 NV UP 01 PL NZ NA PO NC 
1030:0106 B90200 MOV CX,0003 

AX=0001 BX=0002 CX=0003 OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0109 NV UP 01 PL NZ NA PO NC 
1030:01090108 ADD AX,BX 

AX=0003 BX=0002 CX=0003 OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=010B NV UP 01 PL NZ NA PE NC 
1030:010B 01C8 ADD AX,CX 

AX=0006 BX=0002 CX=0003 OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0100 NV UP 01 PL NZ NA PE NC 
1030:0100 CC INT 3 

The same trace as shown in Example A-6 could have been achieved with 
the command "-T 5", assuming that IP = 0100. Experiment with the various forms 
of the trace command. "T" with no starting or count fields will execute one 
instruction starting at CS:IP. Ifno first field is given, CS:IP is assumed. Ifno second 
field is given, 1 is assumed. 

If you trace a large number of instructions, they may scroll upward off the 
screen faster than you can read them. <Ctrl-num lock> can be used to stop the 
scrolling temporarily. To resume the scrolling, enter any key. This works not only 
on the trace command, but for any command that displays information to the screen. 
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Example A-7: Moving Data into 8- and 16-bit Registers 

A>OEBUG 
-R 
AX=OOOO BX=OOOO CX=OOOO OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0100 NV UP 01 PL NZ NA PO NC 
1030:0100 B664 MOV OH,64 
-A 100 

1030:0100 MOV AL,3F 
1030:0102 MOV BH,04 
1030:0104 MOV CX,FFFF 
1030:0107 MOV CL,BH 
1030:0109 MOV CX,1 
1030:010C INT 3 
1030:0100 
-T=100 5 
AX=003F BX=OOOO CX=OOOO OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0102 NV UP 01 PL NZ NA PO NC 
1030:0102 B704 MOV BH,04 

AX=003F BX=0400 CX=OOOO OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0104 NV UP 01 PL NZ NA PO NC 
1030:0104 B9FFFF MOV CX,FFFF 

AX=003F BX=0400 CX=FFFF OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0107 NV UP 01 PL NZ NA PO NC 
1030:010788F9 MOV CL,BH 

AX=003F BX=0400 CX=FF04 OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0109 NV UP 01 PL NZ NA PO NC 
1030:0109 B90100 MOV CX,OOOl 

AX=003F BX=0400 CX=OOOl OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=010C NV UP 01 PL NZ NA PO NC 
103D:010C CC INT 3 

Example A-8 shows some common programming errors in moving data into 
registers. The DEBUG assemble command catches this type of error when an 
instruction is entered and it tries to assemble it. In instruction "MOV OS, 1200" the 
error is that immediate data cannot be moved into a segment register. The other 
errors involve move instructions, where the first and second operands do not match 
in size. 

Example A-8: Common Errors in Register Usage 
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A>OEBUG 
-A 100 
1030:0100 MOV AL,FF3 

A Error 
1030:0100 MOV AX, 12345 

A Error 
1030:0100 MOV OS, 1200 

A Error 
1030:0100 MOV S/,OH 

A Error 
1030:0100 MOV AX,BH 

A Error 
1030:0100 MOV AL,BX 

1\ Error 
1030:0100 
-Q 
A> 
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Example A-9: Assembling and Unassembling a Program 

A>OEBUG 
-R 
AX=OOOO BX=OOOO CX=OOOO OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1132 E5=1132 55=1132 C5=1132 IP=0100 NV UP 01 PL NZ NA PO NC 
1132:0100 BE0548 MOV 51,4805 
-A 100 
1132:0100 MOV AL,57 
1132:0102 MOV OH,86 
1132:0104 MOV OL,72 
1132:0106 MOV ex,ox 
1132:0108 MOV BH,AL 
1132:010A MOV BL,9F 
1132:010C MOV AH,20 
1132:010E ADD AX,OX 
1132:0110 ADD eX,BX 
1132:0112 ADD AX, 1F35 
1132:0115 
-U 100 112 
1132:0100 B057 MOV 
1132:0102 B686 MOV 
1132:0104 B272 MOV 
1132:01068901 MOV 
1132:010888C7 MOV 
1132:010A B39F MOV 
1132:010C B420 MOV 
1132:010E 0100 AOO 
1132:01100109 AOO 
1132:011205351F AOO 

AL,57 
OH,86 
OL,72 
CX,OX 
BH,AL 
BL,9F 
AH,20 
AX,OX 
CX,BX 
AX,lF35 

The program above is stored starting at CS:IP of 1132:0100. This logical 
address corresponds to physical address 11420 (11320 + 0100). 

SECTION A.4: DATA MANIPULATION IN DEBUG 

Next are described three DEBUG commands that are used to examine or 
alter the contents of memory. 

F the fill command fills a block of memory with data 
o the dump command displays contents of memory to the screen 
E the enter command examines/alters the contents of memory 

F, the fill command: filling memory with data 

The fill command is used to fill an area of memory with a data item. The 
syntax of the F command is as follows: 

F <starting address> <ending address> <data> 
F <starting address> < L number of bytes> <data> 

This command is useful for filling a block of memory with data, for example 
to initialize an area of memory with zeros. Normally, you will want to use this 
command to fill areas of the data segment, in which case the starting and ending 
addresses would be offset addresses into the data segment. To fill another segment, 
the register should precede the offset. For example, the first command below would 
fill 16 bytes, from DS:IOO to DS:IOF with FF. The second command would fill a 
256-byte block of the code segment, from CS: I 00 to CS: IFF with ASCII 20 (space). 

F 100 10F FF 
F CS:l00 lFF 20 
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Example A-IO demonstrates the use of the F command. The data can be a 
series of items, in which case DEBUG will fill the area of memory with that pattern 
of data, repeating the pattern over and over. For example: 

F 100 L20 00 FF 

The command above would cause 20 hex bytes (32 decimal) starting at 
DS: 100 to be filled alternately with 00 and FF. 

D, the dump command: examining the contents of memory 

The dump command is used to examine the contents of memory. The syntax 
of the D command is as follows: 

D <start address> <end address> 
D <start address> < L number of bytes> 

The D command can be entered with a starting and ending address, in which 
case it will display all the bytes between those locations. It can also be entered with 
a starting address and a number of bytes (in hex), in which case it will display from 
the starting address for that number of bytes. If the address is an offset, DS is 
assumed. The D command can also be entered by itself, in which case DEBUG will 
display 128 consecutive bytes beginning at DS:lOO. The next time "D" is entered 
by itself, DEBUG will display 128 bytes beginning at wherever the last display 
command left off. In this way, one can easily look through a large area of memory, 
128 bytes at a time. 

Example A-lO: Filling and Dumping a Block of Memory 
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(a) Fill and dump commands 

A>OEBUG 
-F 100 14F 20 
-F 150 19F 00 
-0 100 19F 
1030:0100 2020202020202020-2020202020202020 
1030:0110 2020202020202020-2020202020202020 
1030:0120 2020202020202020-2020202020202020 
1030:0130 20 20 20 20 20 20 20 20-20 20 20 20 20 20 20 20 
1030:0140 2020202020202020-2020202020202020 
1030:0150 0000000000000000-0000000000000000 .............. .. 
1030:0160 0000000000000000-0000000000000000 .............. .. 
1030:0170 0000000000000000-0000000000000000 .............. .. 
1030:0180 0000000000000000-0000000000000000 .............. .. 
1030:0190 0000000000000000-0000000000000000 .............. .. 

(b) Filling and dumping selected memory locations 

-F 104 10A FF 
-010410A 
1030:0104 FF FF FF FF-FF FF FF 
-010010F 
1030:0100 20 20 20 20 FF FF FF FF-FF FF FF 20 20 20 20 20 

(c) Filling and dumping code segment memory 

-F CS:100 12F 20 
-0 CS:100 12F 
1030:0100 2020202020202020-2020202020202020 
1030:0110 2020202020202020-2020202020202020 
1030:0120 2020202020202020-2020202020202020 
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Example A-I 0, on the preceding page, demonstrates use ofthe fill and dump 
commands. Part (a) shows two fill commands to fill areas of the data segment, which 
are then dumped. Part (b) was included to show that small areas of memory can be 
filled and dumped. Part (c) shows how to fill and dump to memory from other 
segments. Keep in mind that the values for OS and CS may be different on your 
machine. 

It is important to become thoroughly familiar with the format in which 
DEBUG dumps memory. Example A-II provides further practice in dumping areas 
of memory. 

Example A-ll: Usinl!: the Dump Command to Examine Machine Code 

-U100112 
1132:0100 B057 
1132:0102 B686 
1132:0104 B272 
1132:01068901 
1132:010888C7 
1132:010A B39F 
1132:010C B420 
1132:010E 0100 
1132:01100109 
1132:011205351F 
-0 C5:100 IIF 

MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
ADD 
ADD 

AL,57 
OH,86 
0L,72 
BX,OX 
BH,AL 
BL,9F 

AH,20 
AX,OX 
CX,BX 
ADD AX,1F35 

1132:0100 BO 57 B6 86 B2 72 89 01-88 C7 B3 9F B4 20 01 DO OW6.2r,Q.G3,4.P 
1132:0110 01 090535 1F 19 83 3E-E3 45 00 7412 53 56 BB .Y.5I"cE.t.SV; 

Example A-II shows a program being unassembled that had been loaded 
previously into DEBUG. Below that, the portion of the code segment containing 
the program is dumped. Notice that the machine codes are stored one after another 
continuously. It is important to become thoroughly familiar with the way DEBUG 
dumps memory. The following is one line from Example A-II: 

1132:0100 BO 57 B6 86 B2 72 89 01-88 C7 B3 9F B4 20 01 DO OW6.2r.Q.G3.4.P 

The line begins with the address of the first byte displayed on that line, in 
this case 1132:0100, with 1132 representing the contents ofCS and 0100 being the 
offset into the code segment. After the address, 16 bytes of data are displayed 
followed by a display of those items. Bytes that contain ASCII characters will 
display the characters. If the contents of a byte are not an ASCII code, it is not 
displayable and will be represented by ...... The first byte displayed above is offset 
0100, the second offset 0 I 0 I, the third offset 0 I 02, and so on, until the last byte on 
that line, which is offset 0 I OF. 

OFFSET: 100101102103104105106107-108109 10A 10B 10C 100 10E 10F 

1132:0100 BO 57 B6 86 B2 72 89 01- 88 C7 B3 9F B4 20 01 DO 

The addresses displayed are logical addresses. The logical address of 
1132:0100 above would correspond to physical address 11420 (11320 + 0100 = 
11420). 

E, the enter command: entering data into memory 

The fill command was used to fill a block with the same data item. The enter 
command can be used to enter a list of data into a certain portion of memory. The 
syntax of the E command is as follows: 

E <address> <data list> 
E <address> 
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Exam~le A-12: Usi"llthe E Command to Enter Data into Memory 
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(a) Entering data with the E command 

-E 100 'John Snith' 
-010010F 
1030:0100 4A 6F 68 6E 20 53 6E 69·74 68 20 20 20 20 20 20 John Snith 

(b) Altering data with the E command 

-E 106 
1030:0106 6E.60 
-010010F 
1030:0100 4A 6F 68 6E 20 53 60 69·7468202020202020 John Smith 

(c) Another way to alter data with the E command, 
hitting the space bar to go through the data a byte at a time 

-E 100 
1030:0100 4A. 6F. 68. 6E. 20. 53. 6E.60 
-010010F 
1030:0100 4A 6F 68 6E 20 53 60 69·74 68 20 20 20 20 20 20 John Smith 

(d) Another way to alter data with the E command 

-E 107 
1030:0107 69.-
1030:01066E.60 

Part (a) of Example A-12 showed the simplest use of the E command, 
entering the starting address, followed by the data. That example showed how to 
enter ASCII data, which can be enclosed in either single or double quotes. The E 
command has another powerful feature: the ability to examine and alter memory 
byte by byte. If the E command is entered with a specific address and no data list, 
DEBUG assumes that you wish to examine that byte of memory and possibly alter 
it. After that byte is displayed, you have four options: 

I. You can enter a new data item for that byte. DEBUG will replace the old contents 
with the new value you typed in. 

2. You can press <return>, which indicates that you do not wish to change the value. 
3. You can press the space bar, which will leave the displayed byte unchanged but will 

display the next byte and give you a chance to change that if you wish. 
4. You can enter a minus sign, "_", which will leave the displayed byte unchanged but 

will display the previous byte and give you a chance to change it. 

Look at part (b) in Example A-I2. The user wants to change "Snith" to 
"Smith". After the user typed in "E 106", DEBUG responded with the contents of 
that byte, 6E, which is ASCII for n, and prompted with a ".". Then the user typed in 
the ASCII code for "m", 6D, entered a carriage return, and then dumped the data to 
see if the correction was made. Part (c) of Example A-12 showed another way to 
make the same correction. The user started at memory offset 100 and pressed the 
space bar continuously until the desired location was reached. Then he made the 
correction and pressed carriage return. 

Finally, part (d) showed a third way the same correction could have been 
made. In this example, the user accidentally entered the wrong address. The address 
was one byte past the one that needed correction. The user entered a minus sign, 
which caused DEBUG to display the previous byte on the next line. Then the 
correction was made to that byte. Try these examples yourself since the E command 
will prove very useful in debugging your future programs. 
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The E command can be used to enter numerical data as well: 

E 100238402 4F 

Example A-13 gives an example of entering code with the assemble 
command, entering data with the enter command, and running the program. This 
use of the E command is common in program testing and debugging. Example A-14 
shows the little endian storage convention of 80x86 microprocessors. 

Example A-13: EnteriIljt Data and Code and Running a Program 

A>OEBUG 
-A 100 
1030:0100 MOV AL,OO 
1030:0102 ADD AL,{0200] 
1030:0106 ADD AL,{0201] 
1030:010A ADD AL,{0202] 
1030:010E ADD AL,{0203] 
1030:0112 ADD AL,[0204] 
1030:01161NT 3 
1030:0117 
-E OS:0200 251215 IF 2B 
-0 OS:0200 020F 
1030:0200 2512 151F 2B 02 00 E8-51 FF C3 E81E F6 74 03 % ... + .. hQ.Ch.vt. 
-G =100116 
AX=0096 BX=OOOO CX=OOOO OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
C5=1030 E5=1030 55=1030 C5=1030 IP=0116 OV UP 01 NG NZ AC PE NC 
1030:0116 CC INT 3 

Example A-14: How the 80x86 Stores Words: Little Endian 

(8) Moving 8 word from memory into 8 register 

A>OEBUG 
-06820 LF 
1030:6820 2600 EA 27 CF 5B 48 22-00 00 B8 154500 EA 20 &.j'O[H .... 8.E.j 
-A 100 
1030:0100 MOV BX,{6826] 
1030:0104/NT 3 
1030:0105 
-T 
AX=OOOO BX=2248 CX=OOOO OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0104 NV UP 01 PL NZ NA PO NC 
1030:0104 CC INT 3 

(b) Moving 8 word from 8 register into memory 

-0 200 20F 
1030:0200 F2 FF OE OB 37 B8 FF FF-50 E8 B3 08 83 C4 02 20 R. .. 78 .. Ph3 .. 0. 
-A 100 
1030:0100 MOV BX, 1234 
1030:0103 MOV {200],BX 
1030:0107 INT 3 
1030:0108 
-G =100 
AX=OOOO BX=1234 CX=OOOO OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0107 NV UP 01 PL NZ NA PO NC 
1030:0107 CC INT 3 
-0200LF 
1030:0200 3412 OE OB 37 B8 FF FF-50 E8 B3 08 83 C4 02 20 4 ... 78 .. Ph3 .. 0. 
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In Example A-14, part (a), the direct addressing mode was used to move 
the two bytes beginning at offset 6826 to register BX. Looking at the dump shows 
that location 6826 contains 48 and the following byte at offset 6827 contains 22. 
These bytes were moved into register BX in low byte to low byte, high byte to high 
byte order. The contents of lower memory location 6826, which were 48, were 
moved to the low byte, BL. The contents of higher memory location 6827, which 
were 22, were moved to the high byte, BH. In part (b), value 1234H was moved 
into register BX and then stored at offset 200. Notice that offset address 200 contains 
the lower byte 34 and the higher offset address 20 I contains the upper byte 12. 

SECTION A.5: EXAMINING THE STACK IN DEBUG 

In this sections we explore the implementation of the stack in 80x86 
Assembly language programming and how the stack can be examined through 
DEBUG. 

Pushing onto the stack 

Example A-15 demonstrates how the stack is affected by PUSH instruc­
tions. First the assemble command is used to enter instructions that load three 
registers with 16-bit data, initialize the stack pointer to 1236H, and push the three 
registers onto the stack. Then the instructions are executed with the go command 
and the contents of the stack examined with the dump command. The following 
shows the contents of the stack area after each push instruction, assuming that SP = 
1236 before the first push. Notice that the stack grows "upward" from higher 
memory locations toward lower memory locations. After each push, the stack 
pointer is decremented by 2. 

SP = 1236 
After "PUSH AX" 

1030:1230 00000000 B6 24 0000-0000000000000000 
SP= 1234 --
After "PUSH 01" 

1030: 1230 00 00 C2 85 B6 24 00 00-00 00 00 00 00 00 00 00 
SP=1232 --
After ·PUSH OX· 

1030:1230 93 5F C2 85 B6 24 00 00-00 00 00 00 00 00 00 00 
SP=1230 --

Example A-IS: Pushing Onto the Stack 

A>OEBUG 
-A 100 
1030:0100 MOV AX,24B6 
1030:0103 MOV 01,85C2 
1030:0106 MOV OX,5F93 
1030:0109 MOV Sp,1236 
1030:010C PUSH AX 
1030:0100 PUSH 01 
1030:010E PUSH OX 
1030:010F INT 3 
1030:0110 
-F 1230 123F 00 
-01230LF 
1030:1230 0000000000000000-0000000000000000 ............... . 
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-G =100 
AX=24B6 BX=OOOO CX=OOOO OX=5F93 SP=1230 BP=OOOO SI=OOOO 01=85C2 
OS=1030 ES=1030 SS=1030 CS=1030 IP=010F NV UP 01 PL NZ NA PO NC 
1030:010F CC INT 3 
-0 1230123F 
1030:1230 93 5F C2 85 B6 24 00 00-00 00 00 00 00 00 00 00 ._B.6$ .......... 
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Popping the stack 

Example A-16 demonstrates the effect of pop instructions on the stack. The 
trace shows that after each pop is executed, the stack pointer SP is incremented by 
2. As the stack is popped, it shrinks "downward" toward the higher memory 
addresses. 

Examj>le A-16: Popping the Stack Contents into Registers 
-A 100 
1030:0100 MOV SF', 18FA 
1030:0103 POP CX 
1030:0104 POP OX 
1030:0105 POP 8X 
1030:0106 INT 3 
1030:0107 
-E SS:18FA 231468 2C 91 F6 
-0 18FA 18FF 
10.30:18FA 2314 6B 2C 91 F6 #.k,.v 
-RIP 
IP 010F 
:0100 
-T 
AX=24B6 BX=OOOO CX=OOOO OX=5F93 5P=18FA BP=OOOO 51=0000 01=85C2 
05=1030 E5=1030 55=1030 C5=1030 IP=0103 NV UP 01 PL NZ NA PO NC 
1030:010359 POP CX 
-T 
AX=24B6 BX=OOOO CX=1423 OX=5F93 5P=18FC BP=OOOO 51=0000 01=85C2 
05=1030 E5=1030 55=1030 C5=1030 IP=0104 NV UP 01 PL NZ NA PO NC 
1030:0104 SA POP OX 
-T 
AX=24B6 BX=OOOO CX=1423 OX=2C6B 5P=18FE BP=OOOO 51=0000 01=85C2 
05=1030 E5=1030 55=1030 C5=1030 IP=0105 NV UP 01 PL NZ NA PO NC 
1030:01055B POP BX 
-T 
AX=24B6 BX=F691 CX=1423 OX=2C6B 5P=1900 BP=OOOO 51=0000 01=85C2 
05=1030 E5=1030 55=1030 C5=1030 IP=0106 NV UP 01 PL NZ NA PO NC 
1030:0106 CC INT 3 

SECTION A.S: EXAMINING/ALTERING THE FLAG REGISTER IN DEBUG 

The discussion of how to use the R command to examine/alter the contents 
of the flag register was postponed until this section, so that program examples that 
affect the flag bits could be included. Table A-I, on the following page, gives the 
codes for 8 bits of the flag register which are displayed whenever a G, T, or R 
DEBUG command is given. 

If all the bits of the flag register were reset to zero, as is the case when 
DEBUG is first entered, the following would be displayed for the flag register: 

NY UP DI PL NZ NA PO NC 
Similarly, if all the flag bits were set to I, the following would be seen: 

OV DN EI NG ZR AC PE CY 

Example A-17 shows how to use the R command to change the setting of 
the flag register. 

Example A-17: Changing the Flag Register Contents 

-RF 
NV UP 01 PL NZ NA PO NC -ON OV NG 
-RF 
OV ON 01 NG NZ NA PO NC -
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Example A -17 on the preceding page showed how the flag register can be 
examined, or examined and then altered. When the R command is followed by "F", 
this tells DEBUG to display the contents ofthe flag register. After DEBUG displays 
the flag register codes, it prompts with another "-" at the end of the line of register 
codes. At this point, flag register codes may be typed in to alter the flag register, or 
a simple carriage return may be typed in if no changes are needed. The register 
codes may be typed in any order. 

Table A-I: Codes for the Flag Register 

!ii~--.. '. ... . i Code When SetEll_··_ : Code When Reset (~ O)-~l 
11oF overflow flag ___ . ,0Yioverflowl_._. __ iNYi!lo overflowL_._I_" 

Il1:>.F direction flag ._. _ jJ:)N (downL_._. __ J!JlitllL _ - .. - _ -- Ji r-" fl,g_._. -. : EI (enab .. I, ;""~pO -.-. -.ill! (disable interrupt) .. ~i 
SF &gr! flag ING (negative) _._ .. _JPL(Qhis, oUJ()sitiy&_~1 

I ZF zero flag ____ I ZR (zerQL _____ --1 NZ (not zerQL ._. __ ~I 
!~AF auxiliary cal'l}'..fl.M._ ---+AC (auxiliary carry) -LNA (no auxiliary carryl_~! 

P'F-llilrity iillL . ___ ..JPE (parity even) - .-. -+1'.0 (parity odQL --.-l'l 
I£F carry flag ICY (carry) iNC (no carry) .. ~ 
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Impact of instructions on the flag bits 

Example A-18, on the following page, shows the effect of ADD instructions 
on the flag register. The ADD in part (a) involved byte addition. Adding 9C and 64 
results in 00 with a carry out. The flag bits indicate that this was the result. Notice 
the zero flag is now ZR, indicating that the result is zero. In addition, the carry flag 
was set, indicating the carry out. The ADD in part (b) involves word addition. Notice 
that the sign flag was set to NG after the ADD instruction was executed. This is 
because the result, CAEO, in its binary form will have a I in bit 15, the sign bit. 
Since we are dealing with unsigned addition, we interpret this number to be positive 
CAEOH, not a negative number. This points out the fact that the microprocessor 
treats all data the same. It is up to the programmer to interpret the meaning of the 
data. Finally, look attheADD in part (c). AddingAAAAH and 5556H gives 10000H, 
which results in BX = 0000 with a carry out. The zero flag indicates the zero result 
(BX = 0000), while the carry flag indicates that a carry out occurred. 

Hexarlthmetic command 

This command is like an on-line hex calculator that performs hex addition 
and subtractions. Its format is 

H <number 1> <number 2> 

When this command is entered at the DEBUG "-" prompt, DEBUG will 
display their sum followed by their difference (number I - number 2). 

Procedure command 

This command has a syntax similar to the trace command: 

P < = start address> <number of instructions> 

It is used to execute a loop, call, interrupt or repeat string operation as if it 
were a single instruction instead of tracing through every instruction in that proce­
dure. 
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Example A-I8: Observing Changes in the Flag Register 

(a) 

A>DEBUG 
-A 100 
1030:0100 MOV AL,9C 
1030:0102 MOV DH,64 
1030:0104 ADD AL,DH 
1030:0106 INT 3 
1030:0107 
-T 3 
AX=009C BX=OOOO CX=OOOO OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0102 NV UP 01 PL NZ NA PO NC 
1030:0102 B664 MOV OH,64 

AX=009C BX=OOOO CX=OOOO OX=6400 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0104 NV UP 01 PL NZ NA PO NC 
1030: 01 04 OOFO ADD AL,OH 

AX=OOOO BX=OOOO CX=OOOO OX=6400 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0106 NVUPOI PLZRAC PECY 
1030:0106 CC INT 3 

(b) 

-A 100 
1030:0100 MOV AX,34F5 
1030:0103 ADD AX,95EB 
1030:0106 INT 3 
1030:0107 
-T=100 2 
AX=34FS BX=OOOO CX=OOOO OX=6400 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0103 NV UP 01 PL NZ NA PO NC 
1030:01030SEB9S ADD AX,9SEB 

AX=CAEO BX=OOOO CX=OOOO OX=6400 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0106 NV UP 01 NG NZ AC PO NC 
1030:0106 CC INT 3 

(c) 

-A 100 
1030:0100 MOV BX,AAAA 
1030:0103 ADD BX,5556 
1030:0107 INT 3 
1030:0108 
-G =100107 
AX=34FS BX=OOOO CX=OOOO OX=6400 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0107 NV UP 01 PLZRAC PE CY 
1030:0107 CC INT 3 

Example A-19, on the following page, shows how to code a simple program 
in DEBUG, set up the desired data, and execute the program. This program includes 
a conditional jump that will decide whether to jump based on the value of the zero 
flag. This example also points out some important differences between coding a 
program in DEBUG and coding a program for an assembler such as MASM. First 
notice the JNZ instruction. Ifthis were an Assembly language program, the instruc­
tion might be "JNZ LOOP_ADD", where the label LOOP_ADD refers to a line of 
code. In DEBUG we simply JNZ to the address. Another important difference is 
that an Assembly language program would have separate data and code segments. 
In Example A-19, the test data was entered at offset 0200, and consequently, BX 
was set to 0200 since it is being used as a pointer to the data. In an Assembly language 
program, the data would have been set up in the data segment and the instruction 
might have been "MOV BX,OFFSET DATAl" where DATAl is the label associated 
with the data directive that stored the data. 
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ExalllI'le A-19: Tracing throu~h a Program to Add 5 Bytes 

A>OEBUG 
-A 100 
1030:0100 MOV CX,05 
1030:0103 MOV BX,0200 
1030:0106 MOV AL,O 
1030:0108 ADD AL,[BX] 
1030:010A INC BX 
1030:010B DEC CX 
1030:010C JNZ 0108 
1030:010E MOV [0205],AL 
1030:0111 INT 3 
1030:0112 
-E02002512151F2B 
-0 0200 020F 
1030:0200 251215 1F 2B 9A DE CE-1E F3 20 20 20 20 20 20 'Yo, .. +,An , 
-G = 100 111 
AX=0096 BX=0205 CX=OOOO OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=1030 E5=1030 55=1030 C5=1030 IP=0111 NV UP 01 PL ZR NA PE NC 
1030:0111 CC INT 3 

-00200020F 
1030:0200 2512 151F 2B 96 DE CE-1E F3 20 20 20 20 20 20 'Yo ... +.An. 

Example A-20: Data Transfer Program in DEBUG 

A>OEBUG 
-A 100 
1030:0100 MOV SI,0210 
1030:0103 MOV 01,0228 
1030:0106 MOV CX,6 
1030:0109 MOV AL,[SI] 
1030:010B MOV [OI],AL 
1030:0100 INC SI 
1030:010E INC 01 
1030:010F DEC CX 
1030:0110 JNZ 0109 
1030:0112 INT 3 
1030:0113 
-E 0210 25 4F 85 IF 2B C4 
-00210022F 
1030:0210 25 4F 851F 2B C4 43 OC-01 01 01 0002 FF FF FF 'YoO .. +OC ......... 
1030:0220 FF FF FF FF FF FF FF FF-FF FF FF FF 45 00 CA 2A ............ E.J' 
-G =100 
AX=00C4 BX-OOOO CX=OOOO OX=OOOO 5P=CFOE BP=OOOO 51=0216 01=022E 
05=1030 E5=1030 55=1030 C5=1030 IP=0112 NV UP 01 PL ZR NA PE NC 
1030:0112 CC INT 3 
-00210022F 
1030:0210 25 4F 85 1F 2B C443 OC-01 01 01 0002 FF FF FF 'YoO .. +OC ......... 
1030:0220 FF FF FF FF FF FF FF FF-25 4F 851F 2B C4 CA 2A ........ 'YoO .. +OJ' 
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The following commands are often useful in manipulating the data in your 
programs. 

M. the move command: copying data from one location to another 

The move command is used to copy data from one location to another. The 
original location will remain unchanged. The syntax of this command is 
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M <starting address> <ending address> <destination address> 
M <starting address> <L number of bytes> <destination address> 

[n other words, this command will place a copy of the data found from 
starting address to ending address at the destination address. Part (a) in Example 
A-21 gives an example of using the move command. This command copied the data 
found in locations 130 to 13F to location 140. The same result could have been 
achieved by "M 130 LF [40". 

C, the compare command: checking blocks of data for differences 

The compare command is used to check two areas of memory and display 
bytes that contain different data. [fthe two blocks are identical, DEBUG will simply 
display the command prompt "-". The syntax of the command is 

C <starting address> <ending address> <compare address> 
C <starting address> < L number of bytes> <compare address> 

[n other words, this command will compare the data found from the starting 
address to the ending address with the data found beginning at the compare address 
and will display any bytes that differ. Part (b) in Example A-21 contains examples 
of using the compare command. The first command compared from offsets 130 to 
134 with memory beginning at location 140. Since no differences were found, 
DEBUG responded with the command prompt "-". That command could also have 
been entered as "C 130 L5 140". The next command compared from offsets 130 to 
134 with memory beginning at location 150 and printed all five locations since all 
of them differed. 

Example A-21: Move, Search, and Compare Commands 

(a) Move command 

-F 130 13F FF 
-D 130 15F 
1030:0130 FF FF FF FF FF FF FF FF-FF FF FF FF FF FF FF FF ............... . 
1030:0140 0000000000000000-0000000000000000 ............... . 
1030:0150 0000000000000000-0000000000000000 ............... . 
-M 130 13F 140 
-D 130 15F 
1030:0130 FF FF FF FF FF FF FF FF-FF FF FF FF FF FF FF FF ............... . 
1030:0140 0000000000000000-0000000000000000 ............... . 
1030:0150 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 ............... . 

(b) Compare command 

-c 130 134 140 
-C 130 134 150 
1030:0130 FF 00 1030:0150 
1030:0131 FF 00 1030:0151 
1030:0132 FF 00 1030:0152 
1030:0133 FF 00 1030:0153 
1030:0134 FF 00 1030:0154 

(c) Search command 

-s 150 15F FF 
-S 130 133 FF 
1030:0130 
1030:0131 
1030:0132 
1030:0133 
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S, the search command: search a block of memory for a data item 

The search command is used to search a block of data for a specific data 
value. If the item is not found, DEBUG simply displays the command prompt "-". 
Otherwise, all locations where the data item was found will be displayed. The syntax 
IS: 

S <starting address> <ending address> <data> 
S <starting address> <L number of bytes> <data> 

DEBUG will search from the starting to the ending address to find data. 
Look at part (c) of Example A-21. This example searched from locations ISO to 
15F for FF and did not find it. The next command searched from 130 to 133 for FF 
and printed all four addresses since all four contained FF. The following command 
would have achieved the same result: "s 130 L4 FF". The data may be a list of data 
items, in which case DEBUG will search for that pattern of data. 
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The write and load commands below are used to save a program onto disk 
and load a previously saved program from disk into DEBUG. They both require a 
thorough familiarity with advanced DOS concepts. 

W, the write command: saving instructions on disk 

The write command is used to save instructions onto a disk. Its format is 

W <starting address> <drive number> <starting sector> <sectors> 

Writing to specific sectors is not recommended since a thorough familiarity 
with the way information is stored on drives is needed. Writing to the wrong sector 
could damage the disk's directory, rendering it useless. Example A-23 shows how 
to use the W command without any parameters to save code on a disk, after the N 
command had been used to set up a filename. 

L, the load command: loading instructions from disk 

The load command performs the opposite function of the write command: 
It loads from disk into memory starting at the specified address. Its syntax is 

L <starting address> <drive number> <starting sector> <sectors> 

After the load, registers BX ex will hold the size of the program in bytes. 
Using the load command with all its options requires a thorough understanding of 
disk storage and it is not recommended for beginning students. However, the L 
command may be used after the name command in a simple format, shown below. 

N, the name command: used to load a file from disk 

The name command can be used with the load command to load a program 
into DEBUG. 

-N <filename> 
-L 

The name command above sets up the filename to be loaded by the load 
command. An alternative way to load a program into DEBUG is when you initially 
enter the DEBUG program: 

-DEBUG <filename> 
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ExamJlle A-22: Loadinl! an Assembled Prllgfam into DEBUG 
(a) Loading with the name and load commands 

-N B:IPROGRAMSIPROG1.EXE 
-L 

(b) Loading on entering DEBUG 

A>DEBUG B:IPROGRAMSIPROG1.EXE 

Example A-23 first shows how to save code that has been entered in 
DEBUG. The code entered is the code for Example A-19. After the code has been 
entered with the A command, registers BX and ex must be set up to contain the 
number of bytes to be saved. ex is set to 12 to save 12 bytes, BX is the high word 
and in this case should be zero. The N command sets up the drive and filename to 
be used, then the W command writes the code to disk. Note that the filename 
extension must be "com" because "exe" files cannot be saved in this manner. The 
rest of Example A-23 shows how to load saved code into DEBUG. The N command 
sets up the file reference and the L command loads the code into DEBUG. Table 
A-2 provides a summary of DEBUG commands. 

Example A-23: Saving and Loading Code 

C>DEBUG 
-A 100 
12BO:Ol00 MOV CX,05 
12BO:Ol03 MOV BX 0200 
12BO:Ol06 MOV AL,O 
12BO:0108 ADD AL,[BX] 
12BO:010A INC BX 
12BO:Ol0B DEC CX 
12BO:Ol0C JNZ 0108 
12BO:Ol0E MOV [0205],AL 
12BO:0111 INT 3 
12BO:0112 
-RCX 
CX 0000 
:12 
-r 
AX=OOOO BX=OOOO CX=0012 OX=OOOO 5P=CFOE BP=OOOO 51=0000 01=0000 
05=12BO E5=12BO 55=12BO C5=12BO IP=0100 NV UP 01 PL NZ NA PO NC 
12BO:0100 B90500 MOV CX,0005 
-N B:EXI 9. COM 
-w 
Writing 0012 bytes 
-Q 

C>DEBUG 
-N B:EXI9.COM 
-L 
-R 
AX=OOOO BX=OOOO CX=0012 OX=OOOO 5P=FFFE BP=OOOO 51=0000 01=0000 
05=12CC E5=12CC 55=12CC CS=12CC IP=0100 NV UP 01 PL NZ NA PO NC 
12CC:0100 B90500 MOV CX,0005 
-u cs:l00 111 
12CC:Ol00 B90500 
12CC:0103 BB0002 
12CC:0106 BOOO 
12CC:Ol080207 
12CC:010A43 
12CC:Ol0B 49 
12CC:Ol0C 75FA 
12CC:Ol0E A20502 
12CC:Ol11 CC 

MOV 
MOV 
MOV 
AOO 
INC 
OEC 
JNZ 
MOV 
INT 

CX,0005 
BX,0200 
AL,OO 
AL,[BX] 

BX 
CX 
0108 
[0205],AL 
3 
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Table A-2: Summary of DEBUG Commands __ ,,'" 

I Function 
, 

Command Options 
~.- -

Assemble A <starting address> 
-~ 

Compare J <start address> <end address> <compare address> 

<start address> < L number of bytes> <compare address> __ 

Dump iD <start address> <end address> 

D <start address> < L number ofbvtes> 

Enter E <address> <data list> ,I 

f-- - IE <address> --- - -

IFill IF <start address> <end address> <data> I 

If-______ -+'F'-----'<,.,st..,a"'rt'-'a""d"'dr"'e"'s"'s>'--<~L"n"'um""'b"'e"'r_'o"_f_"b~te"'s>'--<,"'d ... a"'ta"'>=--___ _ 

Go G < = start address> <end address(",e",-s )L>__ j 
, 

liHexa"'r"'it..,h'--___ IH <number I> <number 2> ____ _ 

L d IL < tart dd > <d' > < tart t > < t s> oa - s a ress nve ~ sec or sec or _._--, 
, 

II Move 1M <start address> <end address> <destination> 
II 

M <start address> < L number of bytes> <destination> 

Name N <filename> ._--

I Procedure P < = start address> <number of instructions> 

Register IR <register name> --. ~. , 
'I 

Search Is <start address> <end address> <data> I 

c· !~ <start address> < L number of bytes> <data> 

, Trace < = start address> <number of instructions> 
, 

j 
, 

Vnassemble 'v <start address> <end address> 1 

Iv 
I, 

<start address> < L number ofbvtes> 
I, 

, -- -~i 

L Write !W <start address> <drive> <start sector> <sectors> i ~~~ _____ ~_~~~~~~~~~~~~~~~~~~~ _____ d 

Notes: 
1. All addresses and numbers are given in hex. 
2. Commands may be entered in lowercase or uppercase, or a combination. 
3. Ctrl-c will stop any command. 
4. Ctrl-numlock will stop scrolling of command output. To resume scrolling, enter any key. 
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APPENDIX B: 80x86 
INSTRUCTIONS AND TIMING 

In the first section of this appendix, we list the instructions ofthe 8086, give 
their format and expected operands, and describe the function of each instruction. 
Where pertinent, programming examples have been given. These instructions will 
operate on any 8086 or higher IBM-compatible computer. There are additional 
instructions for higher microprocessors (80186 and above); however, these instruc­
tions are not given in this list. The second section is a list of clock counts for each 
instruction across the 80x86 family. 

SECTION B.1: THE 8086 INSTRUCTION SET 

AAA ASCII Adjust after Addition 

Flags: Affected: AF and CF. Unpredictable: OF, SF, ZF, PF. 
Format: AAA 
Function: This instruction is used after an ADD instruction has added two 

digits in ASCII code. This makes it possible to add ASCII numbers without masking 
off the upper nibble "3". The result will be unpacked BCD in AL with carry flag set 
if needed. This instruction adjusts only on the AL register. AH is incremented if 
the carry flag is set. 

Example 1: 
MOV AL,31H 
ADD AL,37H 
AAA 

;AL=31 THE ASCII CODE FOR 1 
;ADD 37 (ASCII FOR 7) TO AL; AL=68H 
;AL=08 AND CF=O 

In the example above, ASCII I (3lH) is added to ASCII 7 (37H). After the 
AAA instruction, AL will contain 8 in BCD and CF = O. The following example 
shows another ASCII addition and then the adjustment: 

Example 2: 
MOV AL,'9' 
ADD AL,'5' 
AAA 
OR AL,30H 

;AL=39 ASCII FOR 9 
;ADD 35 (ASCII FOR 5) TO AL THEN AL=6EH 
;NOW AL=04 CF=1 
;converts result to ASCII 

AAD ASCII Adjust before Division 

Flags: Affected: SF, ZF, PF. Unpredictable: OF, AF, CF. 
Format: AAD 
Function: Used before the DIY instruction to convert two unpacked BCD 

digits in AL and AH to binary. A better name for this would be BCD to binary 
conversion before division. This allows division of ASCII numbers. Before the 
AAD instruction is executed, the ASCII tag of 3 must be masked from the upper 
nibble of AH and AL. 

SECTION B.1: THE 8086 INSTRUCTION SET 847 



848 

Example: 
MOV AX,3435H 
AND AX,OFOFH 
AAD 
MOV 
DIV 
OR 

DL,07 
DL 
AX,3030H 

;AX=3435 THE ASCII FOR 45 
;AX=0405H UNPACKED BCD FOR 45 
;AX=002DH HEX FOR 45 
;DL=07 
;2DH DIV BY 07 GIVES AL=06,AH=03 
;AL=36=QUOTIENT AND AH=33=REMAINDER 

AAM ASCII Adjust after Multiplication 

Flags: Affected: AF, CF. Unpredictable: OF, SF, ZF, PF. 
Format: AAM 
Function: Again, a better name would have been BCD adjust after multi­

plication. It is used after the MUL instruction has multiplied two unpacked BCD 
numbers. It converts AX from binary to unpacked BCD. AAM adjusts only AL, 
and any digits greater than 9 are stored in AH. 

Example: 
MOV AL,'5' 
AND AL,OFH 
MOV BL,'4' 
AND BL,OFH 
MUL BL 
AAM 
OR AX,3030H 

;AL=35 
;AL=05 UNPACKED BCD FOR 5 
;BL=34 
;BL=04 UNPACKED BCD FOR 4 
;AX=0014H=20 DECIMAL 
;AX=0200 
;AX=3230 ASCII FOR 20 

AAS ASCII Adjust after Subtraction 

Flags: Affected: AF, CF. Unpredictable: OF, SF, ZF, PF. 
Format: AAS 
Function: After the subtraction of two ASCII digits, this instruction is used 

to convert the result in AL to packed BCD. Only AL is adjusted; the value in AH 
will be decremented if the carry flag is set. 

Example: 
MOV AL,32H 
MOV DH,37H 
SUB AL,DH 

AAS 

ADC Add with Carry 

;AL=32 ASCII FOR 2 
;DH=37 ASCII FOR 7 
;AL-DH=32-37=FBH WHICH IS -5 IN 2'S COMP 
;CF=1 INDICATING A BORROW 
;NOW AL=05 AND CF=1 

Flags: Affected: OF, SF, ZF, AF, PF, CF. 
Format: ADC dest,source ;dest = dest + source + CF 
Function: If CF=I prior to this instruction, then after execution of this 

instruction, source is added to destination plus I. If CF = 0, source is added to 
destination plus O. Used widely in multibyte and multiword additions. 

ADD Signed or Unsigned ADD 

Flags: Affected: OF, SF, ZF, AF, PF, CF. 
Format: ADD dest,source ;dest = dest + source 
Function: Adds source operand to destination operand and places the 

result in destination. Both source and destination operands must match (e.g., both 
byte size or word size) and only one of them can be in memory. 
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Unsigned addition: 

In addition of unsigned numbers, the status ofCF, ZF, SF, AF, and PF may 
change, but only CF, ZF, and AF are of any use to programmers. The most important 
of these flags is CF. It becomes I when there is carry from D7 out in 8-bit (DO -
D7) operations, or a carry from D IS out in 16-bit (DO - D IS) operations. 

Example 1: 
MOV BH,45H 
ADD BH,4FH 

Example 2: 
MOV AL,FEH 
MOV DL,75H 
ADD AL,DL 

Example 3: 
MOV DX,126FH 
ADD DX,3465H 

MOV BX,OFFFFH 
ADD BX,1 

Signed addition: 

;BH=45H 
;BH=94H (45H+4FH=94H) 
;CF=0,ZF=0,SF=1 ,AF=1 ,and PF=O 

;AL=FEH 
;DL=75H 
;AL=FE+ 75=73H 
;CF=1,ZF=0,AF=0,SF=0,PF=0 

;DX=126FH 
;DX=46D4H (126F=3465=46D4H) 
;CF=0,ZF=0,AF=1,SF=0,PF=1 

;BX=OOOO (FFFFH+1 =0000) 
;AND CF=1 ,ZF=1 ,AF=1 ,SF=0,PF=1 

In addition of signed numbers, the status of OF, ZF, and SF must be noted. 
Special attention should be given to the overflow flag (OF) since this indicates if 
there is an error in the result of the addition. There are two rules for setting OF in 
signed number operation. The overflow flag is set to I: 

1. Ifthere is a carry from D6 to D7 and no carry from D7 out in an 8-bit operation or 
a carry from D 14 to D IS and no carry from D IS out in a 16-bit operation 

2. Ifthere is a carry from D7 out and no carry from D6 to D7 in an 8-bit operation or 
a carry from D IS out but no carry from D 14 to D IS in a 16-bit operation 

Notice that ifthere is a carry both from D7 out and from D6 to D7, then OF 
= 0 in 8-bit operations. In 16-bit operations, OF = 0 if there is both a carry out from 
DIS and a carry from Dl4 to DIS. 

Example 4: 
MOV BL,+8 ;BL=OOOO 1000 
MOV DH,+4 ;DH=OOOO 0100 
ADD BL,DH ;BL=OOOO 1100 SF=O,ZF=O,OF=O,CF=O 
Notice SF = D7 = 0 since the result is positive and OF = 0 since there is 

neither a carry from D6 to D7 nor any carry beyond D7. Since OF = 0, the result is 
correct [(+8) + (+4) = (+12)]. 

Example 5: 
MOV AL,+66 
MOV CL,+69 
ADD CL,AL 

;AL=0100 0010 
;CL=0100 0101 
;CL=1000 0111 = -121 (INCORRECT) 
;CF=0,SF=1 ,ZF=O, AND OF=1 

In Example 5, the correct result is +135 [(+66) + (+69) = (+135)], but the 
result was -121. The OF = I is an indication of this error. Notice that SF = D7 = I 
since the result is negative; OF = I since there is a cany from D6 to D7 and CF=O. 
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Example 6: 
MOV AL,-12 
MOV BL,+18 
ADD BL,AL 

;AL=1111 0100 
;BL=0001 0010 
;BL=OOOO 0110 (WHICH IS +6) 
;SF=O,ZF=O,OF=O, AND CF=1 

Notice above that OF ~ 0 since there is a carry from 06 to 07 and a carry 
from D7 out. 

Example 7: 
MOV AH,-30 
MOV DL,+14 
ADD DL,AH 

;AH=1110 0010 
;DL=OOOO 1110 
;DL=1111 0000 (WHICH IS -16 AND CORRECT) 
;AND SF=1,ZF=O,OF=O, AND CF=O 

OF ~ 0 since there is no carry from 07 out nor any carry from 06 to 07. 

ExampleS: 
MOV AL,-126 
MOV BH,-127 
ADD AL,BH 

;AL=1000 0010 
;BH=10000001 
;AL=OOOO 0011 (WHICH IS +3 AND WRONG) 
;AND SF=O,ZF=O AND OF=1 

OF ~ I since there is carry from 07 out but no carry from 06 to 07. 

AND Logical AND 

Flags: Affected: CF ~ 0, OF ~ 0, SF, ZF, PF. 
Unpredictable: AF. x Y XANDY I 

Format: AND dest,source 
Function: Performs logical AND on the operands, 

bit by bit, storing the result in the destination. 

CALL 

Example: 
MOV BL,39H ;BL=39 
AND BL,09H ;BL=09 
;39 0011 1001 
;09 0000 1001 

;0900001001 

Call a Procedure 

Flags: Unchanged. 

110 0 

0 1 

I 0 

II I 

Format: CALL proc ;transfer control to procedure 

0 
, 

0 

0 

Function: Transfers control to a procedure. RET is used to return control 
to the instruction after the call. There are two types of CALLs: NEAR and FAR. 
Ifthe target address is within the same code segment, it is a NEAR call. If the target 
address is outside the current code segment, it is a FAR CALL. Each is described 
below. 

NEAR CALL: If calling a near procedure (the procedure is in the same 
code segment as the CALL instruction) then the content of the IP register (which is 
the address of the instruction after the CALL) is pushed onto the stack and SP is 
decremented by 2. Then IP is loaded with the new value, which is the offset of the 
procedure. At the end of the procedure when the RET is executed, IP is popped off 
the stack, which returns control to the instruction after the CALL. There are three 
ways to code the address of the called NEAR procedure: 

I, 

!I 

I 
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1. Direct: 
CALL proc1 

proc1 PROC NEAR 

RET 
proc1 ENOP 

2. Register indirect: 

3. Memory indirect: 

CALL [SI) ;transfer control to address in SI 

CALL WORD PTR [01) ;01 points to the address that 
;contains I P address of proc 

FAR CALL: When calling a far procedure (the procedure is in a different 
segment from the CALL instruction), the SP is decremented by 4 after CS:IP of the 
instruction following the CALL is pushed onto the stack. CS:IP is then loaded with 
the segment and offset address of the called procedure. In pushing CS:IP onto the 
stack, CS is pushed first and then IP. When the RETF is executed, CS and IP are 
restored from the stack and execution continues with the instruction following the 
CALL. The following addressing modes are supported: 

1. Direct (but outside the present segment): 
CALL proc1 

proc1 PROC FAR 

RETF 
proc1 ENOP 

2. Memory indirect: 
CALL OWORO PTR [01) ;transfer control to CS:IP where 

;01 and 01+1 point to location of CS and 
;01+2 and 01+4 point to location of IP 

CBW Convert Byte to Word 

Flags: Unchanged. 
Format: CBW 
Function: Copies 07 (the sign flag) to all bits of AH. Used widely to 

convert a signed byte in AL into a signed word to avoid the overflow problem in 
signed number arithmetic. 

Example: 
MOV AX,O 
MOV AL,-5 

CBW 

CLC Clear Carry Flag 

Flags: Affected: CF. 
Format: CLC 

;AL=(-5)=FB in 2'5 complement 
;AX = 0000 00001111 1011 
;now AX=FFFB 
;AX = 1111 1111 1111 1011 

Function: Resets CF to zerc (CF = 0). 
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CLD Clear Direction Flag 

Flags: Affected: OF. 
Format: CLO 
Function: Resets OF to zero (OF = 0). In string instructions if OF = 0, the 

pointers are incremented with each execution of the instruction. If OF = 1, the 
pointers are decremented. Therefore, CLO is used before string instructions to make 
the pointers increment. 

CLI Clear Interrupt Flag 

Flags: Affected: IF. 
Format: CLI 
Function: Resets IF to zero, thereby masking external interrupts received 

on INTR input. Interrupts received on NMI input are not blocked by this instruction. 

CMC Complement Carry Flag 

Flags: Affected: CF. 
Format: CMC 
Function: Changes CF from 0 to 1 or from 1 to O. 

CMP Compare Operands 

Flags: Affected: OF, SF, ZF, AF, PF, CF. 
Format: CMP dest,source ;sets flags as if "SUB dest,source" 
Function: Compares two operands of the same size. The source and 

destination operands are not altered. Performs comparison by subtracting the source 
operand from the destination and sets flags as if SUB were performed. The relevant 
flags are as follows: 

. .. ------

II. ..... I CF ZF SF OF 
I ~: I. dest >source ~ 0 0 0 'SF I ----! 

if- dest = source " 0 1 0 ISF I 

!I 
...jl 

I 
~ 

dest < source 1 0 1 I inverse of SF ~ 

CMPS/CMPSB/CMPSW Compare Byte or Word String 

Flags: Affected: OF, SF, ZF, AF, PF, CF. 
Format: CMPSx 
Function: Compares strings a byte or word at a time. OS:SI is used to 

address the first operand; ES:Dl is used to address the second. If OF = 0, it 
increments the pointers SI and Dr. If OF = 1, it decrements the pointers. It can be 
used with prefix REPE or REPNE to compare strings of any length. The comparison 
is done by subtracting the source operand from the destination and sets flags as if 
SUB were performed. 

CWD Convert Word to Doubleword 

Flags: Unchanged. 
Format: CWO 
Function: Converts a signed word in AX into a signed doubleword by 

copying the sign bit of AX into all the bits of OX. Often used to avoid the overflow 
problem in signed number arithmetic. 
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Example: 
MOV DX,O 
MOV AX,-5 
;DX= OOOOH 
CWO 
;DX= FFFFH 

;AX=(-5)=FFFB in 2'5 complement 

DAA Decimal Adjust after Addition 

Flags: Affected: SF, ZF, AF, PF, CF, OF. 
Format: DAA 
Function: This instruction is used after addition of BCD numbers to 

convert the result back to BCD. It adds 6 to the lower 4 bits of AL if it is greater 
than 9 or if AF = 1. Then it adds 6 to the upper 4 bits of AL if it is greater than 9 or 
ifCF = 1. 

Example 1: 
MOV AL,47H 
ADD AL,38H 
DAA 

;AL=0100 0111 
;AL=47H+38H=7FH. invalid BCD 
;NOW AL=1000 0101 (85H IS VALID BCD) 

In this example, since the lower nibble was larger than 9, DAA added 6 to 
AL. If the lower nibble is smaller than 9 but AF = 1, it also adds 6 to the lower nibble. 

Example 2: 
MOV AL,29H 
ADD AL,18H 
DAA 

;AL=0010 1001 
;AL=0100 0001 INCORRECT RESULT 
;AL=0100 0111 A VALID BCD FOR 47H. 

The same thing can happen for the upper nibble. 

Example 3: 
MOV AL,52H ;AL=0101001O 
ADD AL,91H ;AL=1110 0011 AN INVALID BCD 
DAA ;AL=0100 0011 AND CF=l 
Again the upper nibble can be smaller than 9 but because CF = 1, it must 

be corrected. 

Example 4: 
MOV AL,94H ;AL=10010100 
ADD AL,91H ;AL=0010 0101 INCORRECT RESULT 
DAA ;AL=1000 0101 A VALID BCD FOR 85 AND CF=l 
It is entirely possible that 6 is added to both the high and low nibbles. 

Example 5: 
MOV AL,54H 
ADD AL,87H 
DAA 

;AL=01010100 
;AL=1101 1011 INVALID BCD 
;AL=0100 0001 AND CF=l (141 IN BCD) 

DAS Decimal Adjust after Subtraction 

Flags: Affected: SF, ZF, AF, PF, CF. Unpredictable: OF. 
Format: DAS 
Function: This instruction is used after subtraction of BCD numbers to 

convert the result to BCD .. If the lower 4 bits of AL represent a number greater than 
9 or if AF = I, then 6 is subtracted from the lower nibble. If the upper 4 bits of AL 
is now greater than 9 or if CF = I, 6 is subtracted from the upper nibble. 
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Example: 
MOV AL,45H 
SUB AL,17H 
DAS 

;AL=0100 0101 BCD for 45 
;AL=0010 1110 AN INVALID BCD 
;AL=0010 1000 BCD FOR 28(45-17=28) 

For more examples of problems associated with BCD arithmetic, see DAA. 

DEC Decrement 

Flags: Affected: OF, SF, ZF, AF, PF. Unchanged: CF. 
Format: DEC dest ;dest = dest - I 
Function: Subtracts I from the destination operand. Note that CF (carry! 

borrow) is unchanged even if a value 0000 is decremented and becomes FFFF. 

DIV Unsigned Division 

Flags: Unpredictable: OF, SF, ZF, AF, PF, CF. 
Format: DIV source ;divide AX or DX:AX by source 
Function: Divides either an unsigned word (AX) by a byte or an unsigned 

doubleword (DX:AX) by a word. If dividing a word by a byte, the quotient will be 
in AL and the remainder in AH. If dividing a doubleword by a word, the quotient 
will be in AX and the remainder in DX. Divide by zero causes interrupt type O. 

ESC Escape 

Flags: Unchanged. 
Format: ESC 
Function: This instruction facilitates the use of math coprocessors (such 

as the 8087), which share data and address buses with the microprocessor. ESC is 
used to pass an instruction to a coprocessor and is usually treated as NOP (no 
operation) by the main processor. 

HLT Halt 

Flags: Unchanged. 
Format: HLT 
Function: Causes the microprocessor to halt execution of instructions. To 

get out of the halt state, activate an interrupt (NMI or INTR) or RESET. 

IDIV Signed Number Division 

Flags: Unpredictable: OF, SF, ZF, AF, PF, CF. 
Format: IDIV source ;divide AX or DX:AX by source 
Function: This division function divides either a signed word (AX) by a 

byte or a signed doubleword (DX:AX) by a word. If dividing a word by a byte, the 
signed quotient will be in AL and the signed remainder in AH. If dividing a 
doubleword by a word, the signed quotient will be in AX and the signed remainder 
in DX. Divide by zero causes interrupt type O. 

IMUL Signed Number Multiplication 

Flags: Affected: OF, CF. Unpredictable: SF, ZF, AF, PF. 
Format: IMUL source ;AX ~source x AL or DX:AX ~source x AX 
Function: Multiplies a signed byte or word source operand by a signed 

byte or word in AL or AX with the result placed in AX or DX:AX. 
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IN Input Data from Port 

Flags: Unchanged. 
Format: IN accumulator,port ;input byte or word into AL or AX 
Function: Transfers a byte or word to AL or AX from an input port 

specified by the second operand. The port address can be direct or register indirect: 

I. Direct: port address is specified directly and cannot be larger than FFH. 

Example 1: 
IN AL,99H ;BRING A BYTE INTO AL FROM PORT 99H 

Example 2: 
IN AX,78H ;BRING A WORD FROM PORT ADDRESSES 78H 

;AND 79H. THE BYTE FROM PORT 78 GOES 
;TO AL AND BYTE FROM PORT 79H TO AH. 

2. Register indirect: the port address is kept by the OX register. Therefore, 
it can be as high as FFFFH. 

Example 3: 
MOV DX,481H 
IN AL,DX 

Example 4: 
IN AX,DX 

INC Increment 

;DX=481H 
;BRING THE BYTE TO AL FROM THE PORT 
;WHOSE ADDRESS IS POINTED BY OX 

;BRING A WORD FROM PORT ADDRESS OF 
;POINTED BY OX. THE BYTE FROM PORT 
;DX GOES TO ALAND BYTE FROM PORT 
;DX+1 TOAH. 

Flags: Affected: OF, SF, ZF, AF, PF. Unchanged: CF. 
Format: INC destination ;dest = dest + I 
Function: Adds I to the register or memory location specified by the 

operand. Note that CF is not affected even if a value FFFF is incremented to 0000. 

INT Interrupt 

Flags: Affected: IF, TF. 
Format: INT type ;transfer control to INT type 
Function: Transfers execution to one of the 256 interrupts. The vector 

address is specified by the type number, which cannot be greater than FFH (0 to FF 
= 256 interrupts). 

The following steps are performed for the interrupt: 

I. SP is decremented by 2 and the flags are pushed onto the stack. 
2. SP is decremented by 2 and CS is pushed onto the stack. 
3. SP is decremented by 2 and the IP of the next instruction after the 

interrupt is pushed onto the stack. 
4. Multiplies the type number by 4 to get the address of the vector table. 

Starting at this address, the first 2 bytes are the value of IP and the next 2 bytes are 
the value for CS of the interrupt handler (interrupt handler is also called interrupt 
service routine). 

5. Resets IF and TF. 

SECTION B.1: THE 8086 INSTRUCTION SET 855 



856 

Interrupts are used to get the attention of the microprocessor. In the 8086/88 
there are a total of 256 interrupts: !NT 00, !NT 01, INT 02, ... , !NT FF. As 
mentioned above, the address that an interrupt jumps to is always four times the 
value of the interrupt number. For example, !NT 03 will jump to memory address 
OOOOCH (4 x 03 = 12 = OCH). Table B-1 is a partial list of the interrupts, commonly 
referred to as the interrupt vector table. 

Table B-1: Interrupt Vector Table 

IlINT # (~ex . ..1 Physical Address 

! INT 00 '00000 

! INT 0 I i 0000~4~ __ 

INT 02.100008 

lINT 03 'IOOOOC 
lINT 04 00010 

i~;~~~;~:Oddress=31 
_---+""100""oQ:0004 __ 'i 

__-II (J000:0008! 

__ +O=OOO:OOOC __ ~I 

!~T 05 !00014 __ _ 

0000:0010 .~I 

'0000:0014 _~ 

.[rnrFF 1003FC 

i 

10000:03FC.J, 

Every interrupt has a program associated with it called the interrupt service 
routine (ISR). When an interrupt is invoked, the CS:IP address of its ISR is retrieved 
from the vector table (shown above). The lowest 1024 bytes (256 x 4 = 1024) of 
RAM are set aside for the interrupt vector table and must not be used for any other 
function. 

Example: Find the physical and logical addresses of the vector table 
associated with (a) !NT 14H and (b) !NT 38H. 

Solution: 
(a) The physical address for !NT 14H is 00050H - 00053H 
(4 x 14H = 50H). That gives the logical address of 0000:0050H -

0000:0053H. 
(b) The physical address for INT 38H is OOOEOH - 000E3H, making the 

physical address OOOO:OOEOH - 0000:00E3H. 

The difference between INTerrupt and CALL instructions 

The following are some ofthe differences between the INT and CALL FAR 
instructions: 

1. While a CALL can jump to any location within the I-megabyte address range (00000 
- FFFFF) of the 8088/86 CPU, "INT nn" jumps to a fixed location in the vector table 
as discussed earlier. 

2. While the CALL is used by the programmer at a predetermined point in a program, 
a hardware interrupt can come in at any time. 

3. A CALL cannot be masked (disabled), but "INT nn" can be masked. 
4. While a "CALL FAR" automatically saves on the stack only the CS:IP of the next 

instruction, "INT nn" saves the FR (flag register) in addition to the CS:IP. 
5. While at the end of the procedure that has been CALLed the RETF (return FAR) is 

used, for "INT nn" the instruction IRET (interrupt return) is used. 

The 256 interrupts can be categorized into two different groups: hardware 
and software interrupts. 
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Hardware interrupts 

The 8086/88 microprocessors have two pins set aside for inputting hardware 
interrupts. They are INTR (interrupt request) and NMI (nonmaskable interrupt). 
Although INTR can be ignored through the use of software masking, NMI cannot 
be masked using software. These interrupts are activated externally by putting 5 
volts on the hardware pins of NMI or INTR. Intel has assigned INT 02 to NMI. 
When it is activated itwiUjump to memory location 00008 to get the address (CS:IP) 
of the interrupt service routine (ISR). Memory locations 00008,00009, OOOOA, and 
OOOOB contain the 4-byte CS:IP. There is no specific location in the vector table 
assigned to INTR because INTR is used to expand the number of hardware interrupts 
and should be allowed to use any "INT nn" instruction that has not been assigned 
previously. In the IBM PC, one Intel 8259 PIC (programmable interrupt controller) 
chip is connected to INTR to add a total of eight hardware interrupts to the 
microprocessor. IBM PC AT, PS/2 80286, 80386, and 80486 computers use two 
8259 chips to allow up to 15 hardware interrupts. 

Table B-2: IBM PC Interrupt System 

Ii Interru t Ph sical Address 

. 0JOO~3:3072 I03EA2 I Divide error 

I06SED 

iFE2C3 

I Single step (trace command in DEBJJQl 

:Nonmaskable interrupt 

06SE6 Breakpoint 

__ ==='-"'-__ ,.9_0"S'-'4-'-7 _____ -+,,,,S.,,ig,.n"'ecd,,""n"'u,.rn .. b"'e ... r",art,..,..·t",h",m",e"tt",·c,-,o"-v ... e .. r"fl,,,o'.'w 

~ ______ ~~~~~ _____ J£fF~S~4~ ______ -4I~Pr~in~t~s~c~re~e~n~(B~IO~S~)'-________ __ 

;'-"-" ___ ~='"'-"""'-_ ... -.rl F",F-"O",,6"..S ____ -+1 V ... I .... · d",-eo~I1.--0-,(.--B~IO",S--.,),--______ ___ 

-----+'I·~"-------+'·'----------

_______________ ..i.i=-DOS function calls 

Software interrupts 

These interrupts are called software interrupts since they are invoked as a 
result of the execution of an instruction and no external hardware is involved. In 
other words, these interrupts are invoked by executing an "INT nn" instruction such 
as the DOS function call "INT 21 H" or video interrupt "INT 1 OH". These interrupts 
can be invoked by a program at any time, the same as any other instruction. Many 
of the interrupts in this category are used by the DOS operating system and IBM 
BIOS to perform the essential tasks that every computer must provide to the system 
and the user. Also within this group of interrupts are predefined functions associ­
ated with some of the interrupts. They are "INT 00" (divide error), "INT 0 1" (single 
step), "INT 03" (breakpoint), and "INT 04" (signed number overflow). Each one is 
described below. These interrupts are shown in Table B-2. Looking at Table B-2, 
one can say that aside from "INT 00" to "INT 04", which have predefined functions, 
the rest of the interrupts, from "INT 05" to "INT FF", can be used to implement 
either software or hardware interrupts. 

---! 
......J' 
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Functions associated with "INT 00" to "INT 03" 

As mentioned earlier, interrupts "INT 00" to "INT 03" have predefined 
functions and cannot be used in any other way. The function of each is described 
next. 

INT 00 (divide error) 

This interrupt, sometimes referred to as a conditional or exception interrupt, 
is invoked by the microprocessor whenever there is a condition that it cannot take 
care of, such as an attempt to divide a number by zero. "INT 00" is invoked by the 
microprocessor whenever there is an attempt to divide a number by zero. In the 
IBM PC and compatibles, the service subroutine for this interrupt is responsible for 
displaying the message "DIVIDE ERROR" on the screen if a program such as the 
following is executed: 

MOV 
MOV 
DIV 

AL,25 
BL,OO 
BL 

; put 25 into AL 
; put 00 into BL 
; divide 25 by 00 

This interrupt is also invoked if the quotient is too large to fit into the 
assigned register when executing a DIV instruction. 

INT 01 (single step) 

There is often a need to execute a given program one instruction at a time 
and then inspect the registers (possibly memory as well) to see what is happening 
inside the Cpu. This is commonly referred to as single-stepping. IBM and Microsoft 
call it TRACE in the DEBUG program. To allow the implementation of single-step­
ping, Intel has set aside "INT 01" specifically for that purpose. For the Trace 
command in DEBUG after execution of each instruction, the CPU jumps automat­
ically to physical location 00004 to fetch the 4 bytes for CS: IP of the interrupt service 
routine. One ofthe functions ofthis ISR is to dump the contents of the registers onto 
the screen. 

INT 02 (nonmaskable interrupt) 

This interrupt is used in the PC to indicate memory errors, among other 
problems. 

INT 03 (breakpoint) 

While in single-step mode, one can inspect the CPU and system memory 
after execution of each instruction. A breakpoint allows one to do the same thing, 
after execution ofa group of instructions rather than after each instruction. Break­
points are put in at certain points of a program to monitor the flow of the program 
and to inspect the results after certain instructions. The CPU executes the program 
to the breakpoint and stops. One can proceed from breakpoint to breakpoint until 
the program is complete. With the help of single-step and breakpoints, programs 
can be debugged and tested more easily. The Intel 8086/88 CPUs have set aside 
"INT 03" for the sole purpose of implementing breakpoints. When the instruction 
"INT 03" is placed in a program the CPU will execute the program until it encounters 
"INT 03", and then it stops. One interesting point about this interrupt is that it is a 
one-byte instruction, in contrast to all other interrupt instructions, "INT nn", which 
are two-byte instructions. This allows the user to insert I byte of code and remove 
it to proceed with the execution of the program. The opcode for INT 03 is "CC". 
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IBM PC and DOS assignment of interrupts 

When the IBM PC was being developed, the designers at IBM had to 
coordinate the assignment of the 256 available interrupts for the 8086/88 with 
Microsoft, the developer ofthe DOS operating system, lest a conflict occur between 
the BIOS and DOS interrupt designations. The result of cooperation in assigning 
interrupts to IBM BIOS subroutines and DOS function calls is shown in Table B-2. 
The table gives a partial listing of interrupt numbers from 00 to FF, the logical 
address of the service subroutine for each interrupt, their physical addresses, and 
the purpose of each interrupt. It must be mentioned that depending on the computer 
and the DOS version, some of the logical addresses could be different from Table 
B-2. 

How to get the vector table of any PC 

One can get the vector table of any IBM PC/XT, PC AT, PS/2, PSI1, or any 
80x86 IBM-compatible computer and inspect the logical address assigned to each 
interrupt. To do that use DEBUG's DUMP command "-D 0000:0000", as shown 
next. 

A>debug 
-D 0000:0000 
0000:0000 E8 56 2B 02 56 07 70 00-C3 E2 00 FO 56 07 70 00 
0000:0010 5607700054 FF 00 FO-47 FF 00 FO 47 FF 00 FO .... 

Note: The contents of the memory locations could be different, depending 
on the DOS version. 

Example: From the dump above, find the CS:IP of the service routine 
associated with INT 5. 

Solution: To get the address of "INT 5", calculate the physical address of 
00014H (5 x 4 = 00014H). The contents of these locations are 00014 = 54, 00015 
= FF, 00016 = 00, and 00016 = FO. This gives CS = FOOO and IP = FF54. 

INTO Interrupt on Overflow 

Flags: Affected: IF, TF. 
Format: INTO 
Function: Transfers execution to an interrupt handler written for overflow 

if OF (overflow flag) has been set. Intel has set aside INT 4 for this purpose. 
Therefore, if OF = 1 when INTO is executed, the CPU jumps to memory location 
OOOlOH (4 x 4 = 16 = 10H). The contents of memory locations 10H, llH, 12H, 
and 13H are used as IP and CS of the interrupt handler procedure. This instruction 
is widely used to detect overflow in signed number addition. In signed number 
operations, OF becomes 1 in two cases: 

1. Whenever there is a carry from d6 to d7 in 8-bit operations and no carry from D7 
out (or in 16-bit operations when there is carry from d14 to d15 and CF = 0) 

2. When there is carry from from D7 out and no carry from D6 to D7 (or in the case 
of 16-bit operation when there is a carry from D15 out and no carry from D14 to 
D15) 

IRET Interrupt Return 

Flags: Affected: OF, DF, IF, TF, SF, ZF, AF, PF, CF. 
Format: IRET 
Function: Used at the end of an interrupt service routine (interrupt han­

dler), this instruction restores all flags, CS, and IP to the values they had before the 
interrupt so that execution may continue at the next instruction following the INT 
instruction. While the RET instruction is used althe end of the subroutine associated 
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with the CALL instruction, IRET must be used for the subroutine associated with 
the "!NT XX" instruction or the hardware interrupt handler. 

JUMP Instructions 

The following instructions are associated with jumps (both conditional and 
unconditional). They are categorized according to their usage rather than alphabeti­
cally. 

J condition 

Flags: Unchanged. 
Format: }xx target Jump to target upon condition 
Function: Used to jump to a target address if certain conditions are met. 

The target address cannot be more than -128 to + 127 bytes away. The conditions 
are indicated by the flag register. The conditions that determine whether the jump 
takes place can be categorized into three groups, 

(I) flag values, 
(2) the comparison of unsigned numbers, and 
(3) the comparison of signed numbers. 
Each is explained next. 

I. "} condition" where the condition refers to flag values. The status of each 
bit of the flag register has been decided by execution of instructions prior to the 
jump. The following "} condition" instructions check if a certain flag bit is raised 
or not. 

JC 
JNC 
JP 
JNP 
JZ 
JNZ 
JS 
JNS 
JO 
JNO 

Jump Carry 
Jump No Carry 
Jump Parity 
Jump No Parity 
Jump Zero 
Jump No Zero 
Jump Sign 
Jump No Sign 
Jump Overflow 
Jump No Overflow 

jump if CF=1 
jump ifCF=O 
jump if PF=1 
jump if PF=O 
jump if ZF=1 
jump if ZF=O 
jump if SF=1 
jump if SF=O 
jump if OF=1 
jump if OF=O 

Notice that there is no "} condition" instruction for AF. 

2. "} condition" where the condition refers to the comparison of unsigned 
numbers. After a compare (CMP dest,source) instruction is executed, CF and ZF 
indicate the result of the comparison, as follows: 

destination> source 
destination = source 
destination < source 

CF 
o 
o 
1 

ZF 
o 
1 
o 

Since the operands compared are viewed as unsigned numbers, the follow­
ing "} condition" instructions are used. 

JA 
JAE 
JB 
JBE 
JE 
JNE 

Jump Above 
Jump Above or Equal 
Jump Below 
Jump Below or Equal 
Jump Equal 
Jump Not Equal 

jump if CF=O and ZF=O 
jump if CF=O 
jump ifCF=1 
jump if CF=1 or ZF=1 
jump if ZF=1 
jump if ZF=O 
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3. "J condition" where the condition refers to the comparison of signed 
numbers. In the case of the signed number comparison, although the same instruc­
tion, "CMP destination,source", is used, the flags used to check the result are as 
follows: 

destination> source 
destination = source 
destination < source 

OF=SF or ZF=O 
ZF=1 
OF inverse of SF 

Consequently, the "J condition" instructions used are different. They are as 
follows: 

JG 
JGE 
JL 
JLE 
JE 

Jump Greater 
Jump Greater or Equal 
Jump Less 
Jump Less or Equal 
Jump if Equal 

jump if ZF=O or OF=SF 
jump if OF=SF 
jump if OF",SF 
jump if ZF=1 or OF",SF 
jump if ZF = 1 

There is one more "J condition" instruction: 
JCXZ ;Jump if CX is Zero. ZF is ignored. 

All "J condition" instructions are short jumps, meaning that the target 
address cannot be more than -128 bytes backward or + 127 bytes forward from the 
IP of the instruction following the jump. What happens if a programmer needs to 
use a "J condition" to go to a target address beyond the -128 to + 127 range? The 
solution is to use the "J condition" along with the unconditional JMP instruction, as 
shown next. 

ADD BX,[SI] 
JNC NEXT 
JMP TARGET1 

NEXT: 

TARGET1: ADD 01,10 

JMP Unconditional Jump 

Flags: Unchanged. 
Format: IMP [directives] target ;jump to target address 
Function: This instruction is used to transfer control unconditionally to a 

new address. The difference between JMP and CALL is that the CALL instruction 
will return and continue execution with the instruction following the CALL, 
whereas IMP will not return. The target address could be within the current code 
segment, which is called a near jump, or outside the current code segment, which 
is called a far jump. Within each category there are many ways to code the target 
address, as shown next. 

1. Near jump 
(a) direct short jump: In this jump the target address must be within -128 

to + 127 bytes of the IP ofthe instruction after the JMP. This is a 2-byte instruction. 
The first byte is the opcode EBH and the second byte is the signed number 
displacement, which is added to the IP of the instruction following the IMP to get 
the target address. The directive SHORT must be coded, as shown next: 

JMP SHORT OVER 

OVER: 
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Ifthe target address is beyond the -128 to +127 byte range and the SHORT 
directive is coded, the assembler gives an error. 

(b) Direct jump: This is a 3-byte instruction. The first byte is the opcode 
E9H and the next two bytes are the signed number displacement value. The 
displacement is added to the IP of the instruction following the lMP to get the target 
address. The displacement can be in the range -32,768 to +32,767. In the absence 
of the SHORT directive, the assembler in its first pass always uses this kind of IMP, 
and then in the second pass if the target address is within the -128 and + 127 byte 
range, it uses the NOP opcode 90H for the third byte. This is the reason to code the 
directive SHORT ifit is known that the target address of the IMP is within the short 
range. 

( c) Register indirect jump: In this jump the target address is in a register as 
shown next: 

JMP DI ;jump to the address found in DI 

Any nonsegment register can be used for this purpose. 

(d) Memory indirect jump: In this jump the target address is in a memory 
location whose address is pointed at by a register: 

JMP WORD PTR [SI] ;jump to the address found at the address in SI 

The directive WORD PTR must be coded to indicate this is a near jump. 

2. Farjump 

In a far IMP, the target address is outside the present code segment; 
therefore, not only the offsct value but also the segment value of the target address 
must be given. A far jump is a 5-byte instruction: the opcode EAH and 4 bytes for 
the offset and segment of the target address. The following shows the two methods 
of coding the far jump. 

(a) Direct far jump: This requires that both CS and IP be updated. One 
way to do that is to use the LABEL directive: 

JMP 

TARGET2 LABEL 
ENTRY: 

TARGET2 

FAR 

This is exactly what IBM has done in BIOS of the IBM PC/XT when the 
computer is booted. When the power to the PC is turned on, the 8088/86 CPU begins 
to execute at address FFFF:OOOOH. IBM uses a FARjump to make it go to location 
FOOO:E05BH, as shown next: 

0000 EA5BEOOOFO 

E05B 
E05B 
E05B 
E05C 

RESET 
START: 

;CS=FFFF and IP=OOOO 
JMP RESET 
;CS=FOOO 
ORG OE05BH 
LABEL FAR 

CLI 

The EXTRN and PUBLIC directives also can be used for the same purpose. 
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(b) Memory indirect far jump: The target address (both CS:IP) is in a 
memory location pointed to by the register: 

JMP DWORD PTR [BX] 

The OWORD and PTR directives must be used to indicate that it is a far jump. 

LAHF Load AH from Flags 

Flags: Unchanged. 
Format: LAHF 
Function: Loads the lower 8 bits of the flag register into AH. 

LOS Load Data Segment Register 

Flags: Unchanged. 
Format: LOS dest,source ;Ioad dest and OS starting at source 
Function: Loads into destination (which is a register) the contents of two 

memory locations indicated by source and loads OS with the contents of the two 
succeeding memory locations. This is useful for accessing a new data segment and 
its offset. 

Example: Assume the following memory locations with the contents: 
;DS:1200=(46) 
;DS:1201=(10) 
; DS: 1202=(38) 
;DS: 1203=(82) 
LDS DI,[1200] ;now DI=1 046 and DS=8238. 

EA Load Effective Address 

Flags: Unchanged. 
Format: LEA dest,source ;dest = OFFSET source 
Function: Loads into the destination (a l6-bit register) the effective 

address of a direct memory operand. 

Example 1: 
ORG 

DATA DB 
0100H 
34,56,87,90,76,54,13,29 

;to access the sixth element: 
LEA SI,DATA+5 ;SI=100H+5=105 THE EFFECTIVE ADDRESS 
MOV AL,[SI] ;GET THE SIXTH ELEMENT 

Example 2: 
;if BX=2000H and SI=3500H 
LEA DX,[BX][SI]+1 DOH 
;DX=effective address=2000+3500+1 00=5600H 

The following two instructions show two different ways to accomplish the 
same thing: 

MOV SI,OFFSET DATA ;advantage: executes faster 
LEA SI,DATA 
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LES Load Extra Segment Register 

Flags: Unchanged. 
Format: LES dest,source ;load dest and ES starting at source 
Function: Loads into destination (a register) the contents of two memory 

locations indicated by the source and loads ES with the contents of the two 
succeeding memory locations. Useful for accessing a new extra segment and its 
offset. This instruction is similar to LOS except that the ES and its offset are being 
loaded. 

LOCK Lock System Bus Prefix 

Flags: Unchanged. 
Format: LOCK ;used as a prefix before instructions 
Function: Used in microcomputer systems with more than one processor 

to prevent another processor from gaining control over the system bus during 
execution of an instruction. 

LODS/LODSB/LODSW Load Byte or Word String 

Flags: Unchanged. 
Format: LODSx 
Function: Loads AL or AX with a byte or word from the memory location 

pointed to by DS:SI. If OF = 0, SI wiil be incremented to point to the next location. 
If OF = 1, SI wiil be decremented to point to the next location. SI is incremented/de­
cremented by 1 or 2, depending on whether it is a byte or word string. 

LOOP Loop until CX=O 

Flags: Unchanged. 
Format: LOOP target ;DEC CX, then jump to target ifCX not 0 
Function: Decrements CX by I, then jumps to the offset indicated by the 

operand if CX not zero, otherwise continues with the next instruction below the 
LOOP. This instruction is equivalent to 

DEC CX 
JNZ target 

LOOPEILOOPZ LOOP if Equal I Loop if Zero 

Flags: Unchanged. 
Format: LOOPx target ;DEC CX, jump to target if CX '" 0 and ZF= 1 
Function: Decrements CX by 1, then jumps to location indicated by the 

operand if CX is not zero and ZF is I, otherwise continues with the next instruction 
after the LOOP. In other words, it gets out of the loop only when CX becomes zero 
or when ZF = O. 

Example: 
Assume that 200H memory locations from offset 1680H should contain 

55H. LOOPE can be used to see ifany of these locations does not contain 55H: 
MOV CX,200 ;SET UP THE COUNTER 
MOV SI,1680H ;SET UP THE POINTER 

BACK: CMP [SI],55H ;COMPARE THE 55H WITH MEM LOCATION 

INC SI 
LOOPE BACK 

POINTED AT BY SI 
;INCREMENT THE POINTER 
;CONTINUE THE PROCESS UNTIL CX=O OR 
;ZF=O. IN OTHER WORDS EXIT IF ONE 
;LOCATION DOES NOT HAVE 55H 
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LOOPNE/LOOPNZ LOOP While CF Not Zero and ZF Equal Zero 

Flags: Unchanged. 
Format: LOOPxx target ;DEe ex, then jump if ex and ZF not zero 
Function: Decrements ex by 1, then jumps to location indicated by the 

operand if ex and ZF are not zero, otherwise continues with the next instruction 
below the LOOP. In other words it will exit the loop if ex becomes 0 or ZF = I. 

Example: 
Assume that the daily temperatures for the last 30 days have been stored 

starting at memory location with offset 1200H. LOOPE can be used to find the first 
day that had a 90-degree temperature. 

AGAIN: 

MOV 
MOV 
CMP 
INC 
LOOPNE 

MOV Move 

CX,30 
01,1200H 
[01],90 
01 
AGAIN 

Flags: Unchanged. 

;SET UP THE COUNTER 
;SET UP THE POINTER 

Format: MOV dest,source ;copy source to dest 
Function: Copies a word or by1e from a register, memory location, or 

immediate number to a register or memory location. Source and destination must 
be of the same size and cannot both be memory locations. 

MOVS/MOVSB/MOVSW Move Byte or Word String 

Flags: Unchanged. 
Format: MOVSx 
Function: Moves byte or word from memory location pointed to by DS:SI 

to memory location pointed to by ES:DI. IfDF = 0, both pointers are incremented; 
otherwise, they are decremented. SI and DI are incremented/decremented by I or 2 
depending on whether it is a byte or word string. When used with the REP prefix, 
ex is decremented each time until ex is zero. 

MUL Unsigned Multiplication 

Flags: Affected: OF, CF. Unpredictable: SF, ZF, AF, PF. 
Format: MUL source ;AX = source x AL or DX:AX = source x AX 
Function: Multiplies an unsigned by1e or word indicated by the operand 

by a unsigned byte or word in AL or AX with the result placed in AX or DX:AX. 

NEG Negate 

Flags: Affected: OF, SF, ZF, AF, PF, eF. 
Format: NEG dest ;negates operand 
Function: Performs 2's complement of operand. Effectively reverses the 

sign bit of the operand. This instruction should only be used on signed numbers. 

NOP No Operation 

Flags: Unchanged. 
Format: NOP 
Function: Performs no operation. Sometimes used for timing delays to 

waste clock cycles. Updates IP to point to next instruction following NOP. 
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NOT Logical NOT 

Flags: Unchanged. 
Format: NOT dest ;dest = I's complement of dest 
Function: Replaces the operand with its negation (the l's complement). 

Each bit is inverted. 

OR Logical OR 

Flags: Affected: CF=O, OF=O, SF, ZF, PF. 
Unpredictable: AF. 

Format: OR dest,source ;dest= dest OR source 
Function: Performs logical OR on the bits of two 

operands, replacing the destination operand with the result. 
Often used to turn a bit on. 

OUT Output Byte or Word 

Flags: Unchanged. 
Format: OUT dest,ace ;transfer ace to port dest 
Function: Transfers a byte or word from AL or AX to an output port 

specified by the first operand. Port address can be direct or register indirect as 
shown next: 

1. Direct: port address is specified directly and cannot be larger than FFH. 

Example 1: 
OUT 68H,AL ;SEND OUT A BYTE FROM AL TO PORT 68H 
or 
OUT 34H,AX ;SEND OUT A WORD FROM AX TO PORT 

;ADDRESSES 34H AND 35H. THE BYTE 
;FROM AL GOES TO PORT 34H AND 
;THE BYTE FROM AH GOES TO PORT 35H 

2. Register indirect: port address is kept by the DX register. Therefore, it 
can be as high as FFFFH. 

Example 2: 
MOV DX,64B1H 
OUT DX,AL 

or 
OUT DX,AX 

POP POP Word 

Flags: Unchanged. 

;DX=64B1H 
;SENT OUT THE BYTE IN AL TO THE PORT 
;WHOSE ADDRESS IS POINTED TO BY DX 

;SEND OUT A WORD FROM AX TO PORT 
;ADDRESS POINTED TO DX. THE BYTE 
;FROM AL GOES TO PORT DX AND AND BYTE 
;FROM AH GOES TO PORT DX+1. 

Format: POP dest ;dest = word off top of stack 
Function: Copies the word pointed to by the stack pointer to the register 

or memory location indicated by the operand and increments the SP by 2. 
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POPF POP Flags off Stack 

Flags: OF, DF, IF, TF, SF, ZF, AF, PF, CF. 
Format: POPF 
Function: Copies bits previously pushed onto the stack with the PUSHF 

instruction into the flag register. The stack pointer is then incremented by 2. 

PUSH PUSH Word 

Flags: Unchanged. 
Format: PUSH source ;PUSH source onto stack 
Function: Copies the source word to the stack and decrements SP by 2. 

PUSHF PUSH Flags onto stack 

Flags: Unchanged. 
Format: PUSHF 
Function: Decrements SP by 2 and copies the contents of the flag register 

to the stack. 

RCURCR Rotate Left through Carry and Rotate Right through Carry 

Flags: Affected: OF, CF. 
Format: RCx dest,n ;dest = dest rotate right/left n bit positions 
Function: Rotates the bits of the operand right or left. The bits rotated out 

of the operand are rotated into the CF and the CF is rotated into the opposite end of 
the word or byte. Note: "n" must be 1 or CL. 

RET Return from a Procedure 

Flags: Unchanged. 
Format: RET [nJ ;retum from procedure 
Function: Used to return from a procedure previously entered by a CALL 

instruction. The IP is restored from the stack and the SP is incremented by 2. If the 
procedure was FAR, then RETF (return FAR) is used, and in addition to restoring 
the IP, the CS is restored from the stack and SP is again incremented by 2. The RET 
instruction may be followed by a number that will be added to the SP after the SP 
has been incremented. This is done to skip over any parameters being passed back 
to the calling program segment. 

ROUROR Rotate Left and Rotate Right 

Flags: Affected: OF, CF. 
Format: ROx dest,n ;rotate dest right/left n bit positions 
Function: Rotates the bits of a word or byte indicated by the second operand 

right or left. The bits rotated out of the word or byte are rotated back into the word 
or byte at the opposite end. Note: "n" must be 1 or CL. 

SAHF Store AH in Flag Register 

Flags: Affected: SF, ZF, AF, PF, CF. 
Format: SAHF 
Function: Copies AH to the lower 8 bits of the flag register. 
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SALISAR Shift Arithmetic Leftl Shift Arithmetic Right 

Flags: Affected: OF, SF, ZF, PF, CF. Unpredictable: AF. 
Format: SAx dest,n ;shift signed dest left/right n bit positions 
Function: Shifts a word or byte left fright. SARI SAL arithmetic shifts are 

used for signed number shifting. In SAL, as the operand is shifted left bit by bit, the 
LSB is filled with Os and the MSB is copied to CF. In SAR, as each bit is shifted 
right, the LSB is copied to CF and the empty bits filled with the sign bit (the MSB). 
SALISAR essentially mUltiply/divide destination by a power of2 for each bit shift. 
Note: "n" must be I or CL. 

SBB Subtract with Borrow 

Flags: Affected: OF, SF, ZF, AF, PF, CF. 
Format: SBB dest,source ;dest = dest - CF - source 
Function: Subtracts source operand from destination, replacing destina­

tion. IfCF =1, it subtracts I from the result; otherwise, it executes like SUB. 

SCAS/SCASB/SCASW Scan Byte or Word String 

Flags: Affected: OF, SF, ZF, AF, PF, CF. 
Format: SCASx 
Function: Scans a string of data pointed by ES:DI for a value that is in AL 

or AX. Often used with the REPEIREPNE prefix. If DF is zero, the address is 
incremented; otherwise, it is decremented. 

SHLISHR Shift LeftiShift Right 

Flags: Affected: OF, SF, ZF, PF, CF. Unpredictable: AF. 
Format: SHx dest,n ;shift unsigned dest left/right n bit positions 
Function: These are logical shifts used for unsigned numbers, meaning that 

the sign bit is treated as data. In SHR, as the operand is shifted right bit by bit and 
copied into CF, the empty bits are filled with Os instead of the sign bit as is the case 
for SAR. In the case of SHL, as the bits are shifted left, the MSB is copied to CF 
and empty bits are filled with 0, which is exactly the same as SAL. In reality, SAL 
and SHL are two different mnemonics for the same opcode. SHLISHR essentially 
multiply/divide the destination by a power of 2 for each bit position shifted. Note: 
"n" must be I or CL. 

STC Set Carry Flag 

Flags: Affected: CF. 
Format: STC 
Function: Sets CF to I. 

STD Set Direction Flag 

Flags: Affected: DF. 
Format: STD 
Function: Sets DF to 1. Used widely with string instructions. As explained 

in the string instructions, if DF = 1, the pointers are decremented. 

STI Set Interrupt Flag 

Flags: Affected: IF. 
Format: STI 
Function: Sets IF to 1, allowing the hardware interrupt to be recognized 

through the INTR pin ofthe CPU. 
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STOS/STOSB/STOSW Store Byte or Word String 

Flags: Unchanged. 
Format: STOSx 
Function: Copies a byte or word from AX or AL to a location pointed to 

by ES:D1 and updates DI to point to the next string element. The pointer DI is 
incremented if DF is zero; otherwise, it is decremented. 

SUB Subtract 

Flags: Affected: OF, SF, ZF, AF, PF, CF. 
Format: SUB dest,source ;dest ~ dest - source 
Function: Subtracts source from destination and puts the result in the 

destination. Sets the carry and zero flag according to the following: 

dest >source 
dest=source 
dest < sou rce 

CF 
o 
o 
1 

ZF 
o 
1 
o 

the result is positive 
the result is 0 
the result is negative in 2's comp 

The steps for subtraction performed by the internal hardware of the CPU 
are as follows: 

I. Takes the 2 's complement of the source 
2. Adds this to the destination 
3. Inverts the carry and changes the flags accordingly 
The source operand remains unchanged by this instruction. 

TEST Test Bits 

Flags: Affected: OF, SF, ZF, PF, CF. Unpredictable: AF. 
Format: TEST dest,source ;performs dest AND source 
Function: Performs a logical AND on two operands, setting flags but 

leaving the contents of both source and destination unchanged. While the AND 
instruction changes the contents of the destination and the flag bits, the TEST 
instruction changes only the flag bits. 

Example: 
Assume that DO and D I of port 27 indicate conditions A and B, respectively, 

if they are high and only one of them can be high at a given time. The TEST 
instruction can be used as follows: 

CASE_A: 

CASE_B: 

IN AL,PORT _27 
TEST AL,OOOO 0001 B 
JNZ CASE_A 
TEST AL,OOOO 0010B 
JNZ CASE_B 
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;CHECK THE CONDITION A 
;JUMP TO INDICATE CONDITION A 
;CHECK FOR CONDITION B 
;JUMP TO INDICATE CONDITION B 
;THERE IS AN ERROR SINCE NEITHER 
; A OR B HAS OCCURRED. 
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WAIT Puts Processor in WAIT State 

Flags: Unchanged. 
Format: WAIT 
Function: Causes the microprocessor to enter an idle state until an external 

interrupt occurs. This is often done to synchronize it with another processor or with 
an external device. 

XCHG Exchange 

Flags: Unchanged. 
Format: XCHG dest,source ;swaps dest and source 
Function: Exchanges the contents of two registers or a register and a 

memory location. 

XLAT Translate 

Flags: Unchanged. 
Format: XLAT 
Function: Replaces contents of AL with the contents of a look-up table 

whose address is specified by AL. BX must be loaded with the start address of the 
look-up table and the element to be translated must be in AL prior to the execution 
of this instruction. AL is used as an offset within the conversion table. Often used 
to translate data from one format to another, such as ASCII to EBCDIC. 

XOR Exclusive OR 

Flags: Affected: CF = 0, OF = 0, SF, ZF, PF. 
Unpredictable: AF. 

Format: XOR dest,source 
Function: Performs a logical exclusive OR on the 

bits of two operands and puts the result in the destination. 
"XOR AX,AX" can be used to clear AX. 

r.. I 
II~ Y ; XXORY --J: 

1\0 0 o! 
p-~------I 

\ 0 I I' I--I-------J\ 
~ 0' I JI 
ill 0 ~ 
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In this section of the appendix we provide clock counts for all the instruc­
tions ofIntel's 8086, 286, 386, and 486 microprocessors. The clock count is the 
number of clocks that it takes the instruction to execute. They are extracted from 
Intel's reference manuals on these microprocessors. The number of clocks for each 
instruction is given with the assumption that the instruction is already fetched into 
the CPU. The actual clock count can vary depending on the memory hardware 
design of the system. Note the following points when calculating the clock counts 
for a given CPU. 

I. In calculating the total clock cycles for the 8086/88, one must add the extra clocks 
associated with the effective address (EA) provided in Table B-3. 

2. In calculating the time required for the 8086, 286, and 386SX microprocessors, its 
I 6-bit external data bus must be taken into consideration. In addition, whether the 
operand address is odd or even must be considered. To reduce the time required to 
fetch data from memory, these CPUs require that the data be aligned on even address 
boundaries. Ifaddresses are not on even boundaries, an extra 4 clock-cycle penalty 
is added when fetching a 16-bit operand. Look at the following examples, assuming 
that DS = 2500H and BX = 3000H. 
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MOV AX,[BX] ;total clocks = 10 + 5 

Since the physical address is 25000H+ 3000H~28000H, an even address, and the 
data bus in the 8086 is 16 bits wide, the contents of memory locations 28000H and 
28001 H will be fetched into the CPU in one memory cycle. In a1l80x86 microproc­
essors, the low byte goes to the low address and the high byte to the high address. 
In the example above, the contents of memory location 28000H will go to register 
AL and 28001H to AH. IfBX ~ 3005H, the physical address would be 25000H + 
3005H ~ 28005H, an odd location, and the clocks required would be as follows due 
to the extra 4 clock penalty for nonaligned data. 

MOV AX, [BX] ;total clocks=10+4+5 

In the instruction above the contents of memory location 28005 are moved to AL 
and 28006H to AH. In actuality, the way the 8086 accesses memory is that in the 
first memory cycle, the 16-bit data from 28004H and 28005H is accessed on the DO 
- Dl5 data bus and then the 16-bit data of memory locations 28006H and 28007H 
is fetched in the second memory cycle using the 16-bit data bus. In other words, 
although memory locations 28004H, 28005H, 28006H, and 28007H were addressed 
by the 8086 in two consecutive memory cycles, only the contents of 28005H and 
28006H are used; the contents of memory locations 28004H and 28007H are 
discarded. For this reason the data must be word (16-bit) aligned in the 16-bit data 
bus microprocessors. What happens if an odd address is accessed in the 8086? It 
still will take only one memory cycle consisting of 4 clocks. For example, in "MOV 
AH,[BX]" with BX ~ 3005H and DS ~ 25000H, the contents of memory locations 
28004H and 28005H both are accessed with one memory cycle, but only the contents 
of address 28005H are fetched into register AH. 

3. In the 8088 microprocessor, the time required to execute an instruction can vary 
from the 8086 since the data bus is only 8 bits in the 8088. A l6-bit operand would 
require two memory cycles (each consisting of 4 clock cycles) to move the operand 
in or out of the microprocessor: for example, 

MOV AL,[BX] 

MOV AX,[BX] 

;total clocks = 10 + 5 

;total clocks = 1 0 + 4 + 5 

4. For conditional jumps and LOOP instructions, the first number is the number of 
clocks if the jump is successful Uump is taken) and the second number is for when 
the jump is not taken (noj ~ no jump). For example, the 8086 column for the JNZ 
instruction has "16,noj 4" for the clock count. The 16 is the clock cycle for the case 
when the jump is taken. If there is no jump, the clock is 4. 

5. The clock number for the 80386SX is the same as the 80386, except for accessing 
32-bit operands, for which an extra 2 clocks should be added since the data bus in 
the 80386SX is 16-bit and the memory cycle time ofthe 80386SX is 2 clocks. 

6. An extra 2 clocks must be added for the 80286 and 80386SX if a 16-bit word operand 
is not aligned and also for the 386 if a 32-bit operand is not aligned at the 32-bit 
boundary. See the discussion above in point 2. 

7. The number of clocks given for the 80486 microprocessor is for situations when the 
operand is in the cache memory of the 486 chip; otherwise, extra clocks should be 
added for the cache miss penalty. For the list of the cache miss penalties, refer to 
Intel's "i486 Microprocessor Programming Reference Manual." 

8. PM (privilege mode) instruction timings are for situations when the CPU is switched 
to protected mode. 
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9. The "m" (often seen in 286 and 386 instructions) represents the number of compo­
nents associated with the next instruction to be executed. The value of m varies 
because the size of the instruction located at the target address can vary. Generally, 
m can be averaged to 2. 

10. The "n" represents the number of repetitions of a given instruction. 

II. Due to the ever-advancing architectural design of the 286/386/486 microproces­
sors, the total clock count for a given program cannot be 100% correct. For this 
reason a I 0% margin of error should be taken into consideration when calculating 
the total clock count of a given program. 

12. With every new generation of80x86, new instructions are added; therefore, there 
is no clock count for the prior generations. This indicated by "--". 

Table B-3: Clock Cycles for Effective Address 
r:~~~~~~~-~-~-~~-~- -~-. 

II Addressing Mode _ . _ .' Operand _ _ J CLK _~~ 
Irllirect ________ ,labe_l ______ .. _J6 ____ , 

II Register indirect __ . _____ [BX] ___ ._ --12- _, 

i~-----'--'-- ::--- -; -, 
II .--------~ BP-.. · -. '-.-~ 

lr;;~ative '--==:~sp= 1;= .~ 
1

1

,-----.----.. -- ---- ----1BP]+disp --' --+2-- ---I' 

i! Indexed relative ________ . I [DI]+disp -----~ .. - _:1 
I , 'I 

If---.-·--·--·_·_·_tlliU+disp ____ ----f-2_._.~ j I Based mdexed ._. __ ._ ~X][SL ___ Cc.--.

17 _) 
, i [BXlrDI' , 7 .j---"_ ._ ._ . ______ . cll.""!.L ___ --+ __ ~_ 

if.---·--------- ~Iill'1I~L_ .. -' ---&----.. -~ Ii 

I~ --.- JIill'][DI]J~_' __ 1 

I! Based jndexed relative ____ -----IlBX](SI]+disp -llL- ~' 
If- .----1!3X][DI]+disp .JL-.-_' 

l

r--- ---1illP][SI]+disp ll __ J 
• I [BPJ[DI]+disp 112..J 
Note: 
These times assume no segment override. If a segment override is used, 2 clock cycles 
must be added. 

(Reprinted by pennission of Intel Corporation, Copyright Intel Corp. 1989) 

A summary of the clock cycles for various Intel microprocessors, by 
instruction, is given in Table B-4. 
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Table 8-4: Clock Cycles for Various Intel Microprocessors by Instruction 

Code Description 8086 80286 80386 80486 

AAA ASCII adjust for addition 8 3 4 3 
AAD ASCII adjust for division 60 14 19 14 
AAM ASCII adjust for multiplication 83 16 17 15 
AAS ASCII adjust for subtraction 8 3 4 3 
ADC Add with carry 

reg to reg 3 2 2 1 
mem to reg 9+EA 7 6 2 
reg to mem 16+EA 7 7 3 
immed to reg 4 3 2 1 
immed to mem 17+EA 7 7 3 
immed to acc 4 3 2 1 

ADD Addition 
reg to reg 3 2 2 1 
mem to reg 9+EA 7 6 2 
reg to mem 16+EA 7 7 3 
immed to reg 4 3 2 1 
immed to mem 17+EA 7 7 3 
immed to acc 4 3 2 1 

AND Logical AND 
reg to reg 3 2 2 1 
mem to reg 9+EA 7 6 2 
reg to mem 16+EA 7 7 3 
immed to reg 4 3 2 1 
immed to mem 17+EA 7 7 3 
immed to acc 4 3 2 1 

. ARPL Adjust RPL (requested 
privilege level) 
reg to reg 10 20 9 
reg to mem 11 21 9 

BOUND Check array bounds 13noj 10noj 7noj 
BSF Bit scan forward 

reg to reg 10+3n 6/42 
mem to reg 10+3n 7/43 

BSR Bit scan reverse 
reg to reg 10+3n 6/103 
mem to reg 10+3n 7/104 

BSWAP Byte swap 1 
BT Bit test 

reg to reg 3 3 
reg to mem 12 8 
immed to reg 3 3 
immed to mem 6 3 

BTCI Bit test complemenU 
BTRI Bit test reseU 
BTS Bit test set 

reg to reg 6 6 
reg to mem 13 13 
immed to reg 6 6 
immed to mem 8 8 
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Table 8-4: Clock Cycles for Various Intel Microprocessors by Instruction (continued) 

Code_ Description 8086 80286 80386 80486 

CALL Call a procedure 
intrasegment direct 19 7+m 7+m 3 
intrasegment indirect 
through register 16 7+m 7+m 5 
instrasegment indirect 
through memory 21+EA 11+m 10+m 5 
intersegment direct 28 13+m 17+m 18 

486: to same level 20 
486: thru Gate to same level 35 
486: to inner level, no parameters 69 
486: to inner level, x parameter (d) words 77+4x 
486: to TSS 37+TS 
486: thru Task Gate 38+TS 
intersegment direct PM 26+m 34+m 
intersegment indirect 37+EA 16+m 22+m 17 
486: to same level 20 
486: thru Gate to same level 35 
486: to inner level, no parameters 69 
486: to innter level, x parameter (d) words 77+4x 
486: to TSS 37+TS 
486: th ru Task Gate 38+TS 
intersegment indirect PM 29+m 38+m 

CBW Convert byte to word 2 2 3 3 
CDQ Convert double to quad 2 
CLC Clear canry flag 2 2 2 2 
CLD Clear direction flag 2 2 2 2 
CLI Clear interrupt flag 2 3 3 5 
CLTS Clear task SWitched flag 2 5 7 
CMC Complement carry flag 2 2 2 2 
CMP Compare 

reg to reg 3 2 2 1 
mem to reg 9+EA 6 6 2 
reg to mem 9+EA 7 5 2 
immed to reg 4 3 2 1 
immed to mem 10+EA 6 5 2 
immed to acc 4 3 2 1 

CMPSI Compare stringl 
CMPSBI Compare byte stringl 
CMPSW Compare word string 

not repeated 22 8 10 8 
REPE/REPNE CMPS/CMPSB/CMPSW 9+22/rep 5+9/rep 5+9/rep 7+7c 

CMPXCHG Compare and exchange 
reg with reg 6 
reg with mem 7/10 

CWD Convert word to doubleword 5 2 2 3 
CWDE Convert word to extended double 3 3 
DM Decimal adjust for addition 4 3 4 2 
DAS Decimal adjust for subtraction 4 3 4 2 
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Table 8-4: Clock Cycles for Various Intel Microprocessors by Instruction (continued) 

Code Description 8086 80286 80386 80486 

DEC Decrement by 1 
16-bit reg 3 2 2 1 
8-bit reg 3 2 2 1 
memory 15+EA 7 6 3 

DIV Unsigned division 
8-bit reg 80-90 14 14 16 
16-bit reg 144-162 22 22 24 
double 40 
8-bit mem (86-96)+EA 17 17 16 
16-bit mem (150-168)+EA 25 25 24 
double 40 

ENTER Make stack frame 
W,O 11 10 14 
W,1 15 12 17 
dW,db 12+4(n-1) 15+4(n-1) 17+3n 

ESC Escape 
reg 2 9-20 varies 
mem 8+EA 9-20 varies 

HLT Halt 2 2 5 4 
IDIV Integer division 

8-bit reg 101-112 17 19 19 
16-bit reg 165-184 25 27 27 
32-bit reg 43 43 
8-bit mem (107-118) +EA 20 22 20 
16-bit mem (171-190) +EA 28 30 28 
32-bit reg 46 44 

IMUL Integer multiplication 
8-bit reg 80-98 13 9-14 13-18 
16-bit reg 128-154 21 9-22 13-26 
32-bit reg 9-38 13-42 
8-bit mem (86-104)+EA 16 12-17 13-18 
16-bit mem (134-160)+EA 24 12-25 13-26 
32-bit reg 12-41 13-42 
immed to 16-bit reg 21 9-34 13-18 
immed to 32-bit reg 21 9-38 13-18 
reg to reg (byte) 9-38 13-18 
reg to reg (word) 9-38 13-26 
reg to reg (dword) 9-38 13-42 
mem to reg (byte) 12-25 13-18 
mem to reg (word) 12-25 13-26 
mem to reg (dword) 12-41 13-42 
reg with imm to reg (byte) 9-14 13-18 
reg with imm to reg (word) 9-22 13-26 
reg with imm to reg (dword) 9-38 13-42 
mem with imm to reg (byte) 12-17 13-18 
mem with imm to reg (word) 12-25 13-26 
mem with imm to reg (dword) 12-41 13-42 
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Table 8-4: Clock Cycles for Various Intel Microprocessors by Instruction (continued) 

Code Description 8086 80286 80386 80486 

IN Input from I/O port 
fixed port 10 5 12 14 
variable port through DX 8 5 13 14 

INC Increment by 1 
16-bit reg 3 2 2 1 
8-bit reg 3 2 2 1 
mem 15+EA 7 6 3 

INSI Input from port to string 
INSBI Input by1e 
INSWI Input word 
INSD Input double 5 15 17 

PM 9,29 10-32 
REP INS/INSB/INSW 5+4/rep 13+6/rep 
REP INS/INSB/INSW PM (7,27)+6/rep 

INT Interrupt 
type=3 52 23+m 33 
type=3 PM (40,78)+m 59,99 
type3 51 23+m 37 
type3 PM (40,78)+m 59,99 

INTO Interrupt if overflow 
interrupt taken 53 24+m 35 
interrupt not taken 4 3 3 
PM (40,78)+m 59,99 

INVD Invalidate data cache 4 
INVLPG Invalidate TLB entry 12/11 
IRET Return from interrupt 32 17+m 22 15 

PM (31,55)+m 38,82 36 
IRETD Return from interrupt double 22 20 

PM 38,82 36 
JA/ Jump if abovel 16,noj 4 7+m,noj 3 7+m,noj 3 3,noj 1 
JNBE Jump if not below or equal 
JAEI Jump if above or equall 16,noj 4 7+m,noj 3 7+m,noj 3 3,noj 1 
JNB Jump if not belowl 
JNA Jump if not above 
JCXZ Jump if CX is zero 18,noj 6 8+m,noj 4 9+m,noj 5 8,noj 5 
JECXZ Jump if ECX is zero 8,noj 5 
JEI Jump if equall 16,noj 4 7+m,noj 3 7+m,noj 3 3,noj 1 
JZ Jump if zero 
JGI Jump if greater 16,noj 4 7+m,noj 3 7+m,noj 3 3,noj 1 
JNLE Jump if not less, or equal 
JGEI Jump if greater or equall 16,noj 4 7+m,noj 3 7+m,noj 3 3,noj 1 
JNL Jump if not less 
JU Jump if lessl 16,noj 4 7+m,noj 3 7+m,noj 3 3,noj 1 
JNGE Jump if not greater, or equal 
JLEI Jump if less or equall 16,noj 4 7+m,noj 3 7+m,noj 3 3,noj 1 
JNG Jump if not greater 
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Table 8-4: Clock Cycles for Various Intel Microprocessors by Instruction (continued) 

Code pescripJion 8086 80286 80386 80486 

JMP Jump 
intrasegment direct short 15 7+m 7+m 3 
intrasegment direct 15 7+m 7+m 3 
intersegment direct 15 11+m 12+m 17 
PM 23+m 27+m 18 
intra segment indirect 
through memory 18+EA 11+m 10+m 5 
intrasegment indirect 
through register 11 7+m 7+m 5 
intersegment indirect 24+EA 15+m 12+m 8 
PM 26+m 27+m 18 
direct Intersegment 17 
486: to same level 19 
486: thru call gate to same level 32 
486: thru TSS 42+TS 
486: thr Task Gate 43+TS 
indirect intersegment 13 
486: to same level 18 
486: thru call gate to same level 31 
486: thru TSS 41+TS 
486: thr Task Gate 42+TS 

JNE! Jump if not equal! 16,noj 4 7+m,noj 3 7+m,noj 3 3,noj 1 
JNZ Jump if not zero 
JNO Jump if not overflow 16,noj 4 7+m,noj 3 7+m,noj 3 3,noj 1 
JNP! Jump if not parity! 16,noj 4 7+m,noj 3 7+m,noj 3 3,noj 1 
JPO Jump if parity odd 
JNS Jump if not sign 16,noj 4 7+m,noj 3 7+m,noj 3 3,noj 1 
JO Jump if overflow 16,noj 4 7+m,noj 3 7+m,noj 3 3,noj 1 
JP! Jump if parity! 16,noj 4 7+m,noj 3 7+m,noj 3 3,noj 1 
JPE Jump if parity even 
JS Jump if sign 16,noj 4 7+m,noj 3 7+m,noj 3 3,noj 1 
LAHF Load AH from flags 4 2 2 3 
LAR Load access rights 

reg to reg 14 15 11 
mem to reg 16 16 11 

LDS! Load pointer using DS! 
LES Load pointer using ES 16+EA 7 7 6 

PM 21 22 12 
LFS! Load far pointer 
LGS! 
LSS 7 6!12 

PM 22-25 
LEA Load effective address 2+EA 3 2 2,noj 1 
LEAVE High level procedure exit 5 4 5 
LGDT Load global descriptor table 11 11 11 
LlDT Load interrupt desc. table 12 11 11 
LLDT Load local desc. table 

reg 17 20 11 
mem 19 24 11 

LMSW Load machine status word 
reg 3 10 13 
mem 6 13 13 
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Table B-4: Clock Cycles for Various Intel Microprocessors by Instruction (continued) 

Code Description 8086 80286 80386 80486 

LOCK Lock bus 2 0 0 
LODSI Load stringl 
LODSBI Load byte stringl 
LODSW Load word string 

not repeated 12 5 5 5 
repeated 9+13/rep 7+4c 

LOOP Loop 17,noj 5 8+m,noj 4 II+m 7,noj 6 
LOOPEI Loop if equall 
LOOPZ Loop if zero 18,noj 6 8+m,noj 4 II+m 9,noj 6 
LOOPNEI Loop if not equall 
LOOPNZ Loop if not zero 19,noj 5 8+m,noj 4 II+m 9,noj 6 
LSL Load segment limit 

reg to reg 14 20,25 10 
mem to reg 16 21,26 10 

LTR Load task register 
reg 17 23 20 
mem 19 27 20 

MOV Move 
acc to mem 10 3 2 
mem to acc 10 5 4 
reg to reg 2 2 2 1 
mem to reg 8+EA 5 4 1 
reg to mem 9+EA 3 2 1 
immed to reg 4 2 2 1 
immed to mem 10+EA 3 2 1 
reg to SS/DS/ES 2 2 2 3/9 
reg to SS/DS/ES PM 17 18 
mem to SS/DS/ES 8+EA 5 5 3/9 
mem to SS/DS/ES PM 19 19 3 
segment reg to reg 2 2 2 3 
segment reg to mem 9+EA 3 2 3 
control reg to reg 6 4 
reg to control reg 0 10 16 
reg to control reg 2 4 4 
reg to control reg 3 5 4 
debug reg 0-3 to reg 22 10 
debug reg 6-7 to reg 14 10 
reg to debug reg 0-3 22 11 
reg to debug reg 6-7 16 11 
test reg to reg 12 3,4 
reg to test reg 12 6,4 

MOVSI Move stringl 
MOVSBI Move byte stringl 
MOVSW Move word string 

not repeated 18 5 7 7 
REP MOVS/MOVSB/MOVSW 9+17/rep 5+4/rep 8+4/rep 12+3/rep 

MOVSX Move with sign-extend 
reg to reg 3 3 
mem to reg 6 3 

MOVZX Move with zero-extend 
reg to reg 3 3 
mem to reg 6 3 
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Table B-4: Clock Cycles for Various Intel Microprocessors by Instruction (continued) 

Code Description 8086 80286 80386 80486 

MUL Unsigned multiplication 
8-bit reg 70-77 13 9-14 13/18 
16-bit reg 118-133 21 9-22 13/26 
double 9-38 13/42 
8-bit mem (76-83)+EA 16 12-17 13/18 
16-bit mem ( 124-139)+EA 24 12-25 13/26 
double 12-41 13/42 

NEG Negate 
reg 3 2 2 1 
mem 16+EA 7 6 3 

NOP No operation 3 3 3 3 
NOT Logical NOT 

reg 3 2 2 1 
mem 16+EA 7 6 3 

OR Logical OR 
reg to reg 3 2 2 1 
mem to reg 9+EA 7 6 2 
reg to mem 16+EA 7 7 3 
immed to acc 4 3 2 1 
immed to reg 4 3 2 1 
immed to mem 17+EA 7 7 3 

OUT Output to 1/0 port 
fixed port 10 3 10 16 
fixed port PM 4,24 11,31 
variable port 8 3 11 16 
variable port PM 5,25 10,30 

OUTSI Output string to porll 
OUTSBI Output byte 
OUTSWI Output word 
OUTSD Output double 5 14 17 

PM 8,28 10,32 
REP OUTS/OUTSB/OUTSW 5+4/rep 12+5/rep 
REP OUTS/OUTSB/OUTSW PM (6,26)+5/rep 

POP Pop word off stack 
reg 8 5 4 4 
segment reg 8 5 7 3/9 
segment reg PM 20 21 9 
memory 17+EA 5 5 6 

POPAI Pop all 9 
POPAD Pop all double 19 24 9 
POPF Pop flags off stack 8 5 5 9 
POPFD Pop flags off stack double 5 
PUSH Push word onto stack 

reg 11 3 2 4 
segment reg: ES/SS/CS 10 3 2 3 
segment reg: FS/GS 2 3 
memory 16+EA 5 5 4 
immed 3 2 1 

PUSHA Push All 17 18 11 
PUSHFI Push flags onto stack 
PUSHD Push double flag onto stack 10 3 4 4 
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Table 8-4: Clock Cycles for Various Intel Microprocessors by Instruction (continued) 

Code Description 8086 80286 80386 80486 

RCU Rotate left through carry! 
RCR Rotate right through carry! 

reg with single-shift 2 2 9 3 
reg with variable-shift 8+4!bit 5+n 9 8!30 
mem with single-shift 15+EA 7 10 4 
mem with variable-shift 20+EA+4!bit 8+n 10 9!31 
immed to reg 5+n 9 8!30 
immedto mem 8+n 10 9!31 

RET! Return from procedure! 
RETF! Return far! 
RETN Return near 

intrasegment 16 11+m 10+m 5 
intrasegment with constant 20 11+m 10+m 5 
intersegment 26 15+m 18+m 18 
intersegment PM 25+m,55 32+m,62 13 
intersegment with constant 25 15+m 18+m 33 
intersegment w!constant PM 25+m,55 32+m,68 17 
486: imm. to SP 14 
486: to same level 17 
486: to outer level 33 

ROU Rotate left 
ROR Rotate right 

reg with single-shift 2 2 3 3 
reg with variable-shift 8+4!bit 5+n 3 3 
mem with single-shift 15+EA 7 7 4 
mem with variable-shift 20+EA+4!bit 8+n 7 4 
immed to reg 5+n 3 2 
immed to mem 8+n 7 4 

SAHF Store AH into flags 4 2 3 2 
SAU Shift arithmetic left! 
SARI Shift arighmetic right! 
SHU Shift logical left! 
SHR Shift logical right 

reg with single-shift 2 2 3 3 
reg with variable-shift 8+4!bit 5+n 3 3 
mem with single-shift 15+EA 7 7 4 
mem with variable-shift 20+EA +4!bit 8+n 7 4 
immed to reg 5+n 3 2 
immed to mem 8+n 7 4 

SBB Subtract with borrow 
reg from reg 3 2 2 1 
mem from reg 9+EA 7 7 2 
reg from mem 16+EA 7 6 3 
immed from acc 4 3 2 1 
immed from reg 4 3 2 1 
immed from mem 17+EA 7 7 3 

SCAS! Scan string! 
SCASB! Scan byte string! 
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Table B-4: Clock Cycles for Various Intel Microprocessors by Instruction (continued) 

Code Description 8086 80286 80386 80486 

SCASW Scan word string 
not repeated 15 7 7 6 
REPE/REPNE SCAS/SCASB/SCASW 9+15/rep 5+8/rep 5+8/rep 7+5/rep 

SET Set conditionally 
reg 4 4or3 
mem 5 3 or4 

SGOT Store global descript. table 11 9 10 
SlOT Store interrupt desc. table 12 9 10 
SLOT Store local desc. table 

reg 2 2 2 
mem 3 2 3 

SHLOI Shift left double precisionl 
SHRO Shift right double 

reg to reg 3 2 
mem to mem 7 3 
reg by CL 3 3 
mem byCL 7 4 

SMSW Store machine status word 
reg 2 10 2 
mem 3 3 3 
memPM 2 

STC Set carry flag 2 2 2 2 
STD Set direction flag 2 2 2 2 
STI Set interrupt flag 2 2 3 5 
STOSI Store stringl 
STOSBI Store by1e stringl 
STOSW Store word string 

not repeated 11 3 4 5 
REP STOS/STOSB/STOSW 9+10/rep 4+3/rep 5+5/rep 7+4/rep 

STR Store task register 
reg 2 2 2 
mem 3 2 3 

SUB Subtraction 
reg from reg 3 2 2 1 
mem from reg 9+EA 7 7 2 
reg from mem 16+EA 7 6 3 
immed from acc 4 3 2 1 
immed from reg 4 3 2 1 
immed from mem 17+EA 7 7 3 

TEST Test 
reg with reg 3 2 2 1 
mem with reg 9+EA 6 5 2 
immed with ace 4 3 2 1 
immed with reg 5 3 2 1 
immed with mem 11+EA 6 5 2 

VERR Verify read 
reg 14 10 11 
mem 16 11 11 

VERW Verify write 
reg 14 15 11 
mem 16 16 11 
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Table 8·4: Clock Cycles for Various Intel Microprocessors by Instruction (continued) 

Code Description 8086 80286 80386 80486 

WAIT Wait while TEST pin 
not asserted 4 3 6 1-3 

WBINVD Write-back invalid data cache 5 
XADD Exchange and add 

reg with reg 3 
reg with mem 4 

XCHG Exchange 
reg with acc 3 3 3 3 
reg wtih mem 17+EA 5 5 5 
reg with reg 4 3 3 3 

XLATI Translate 11 5 5 4 
XLATB 
XOR Logical excl usive OR 

reg with reg 3 2 2 1 
mem with reg 9+EA 7 7 2 
reg wtih mem 16+EA 7 6 3 
immed with acc 4 3 2 1 
immed with reg 4 3 2 1 
immed with mem 17+EA 7 7 3 
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APPENDIX C: ASSEMBLER 
DIRECTIVES AND NAMING RULES 

This appendix consists of two sections. The first section describes some of 
the most widely used directives in 80x86 Assembly language programming. In the 
second section Assembly language rules and restrictions for names and labels are 
discussed and a list of reserved words is provided. 

SECTION C.1 : 80x86 ASSEMBLER DIRECTIVES 

Directives, or as they are sometimes called, pseudo-ops or pseudo-instruc­
tions, are used by the assembler to help it translate Assembly language programs 
into machine language. Unlike the microprocessor's instructions, directives do not 
generate any opcode; therefore, no memory locations are occupied by directives in 
the final ready-to-run (exe) version of the assembly program. To summarize, 
directives give directions to the assembler program to tell it how to generate the 
machine code; instructions are assembled into machine code to give directions to 
the CPU at execution time. The following are descriptions of the some of the most 
widely used directives for the 80x86 assembler. They are given in alphabetical order 
for ease of reference. 

ASSUME 

The ASSUME directive is used by the assembler to associate a given 
segment's name with a segment register. This is needed for instructions that must 
compute an address by combining an offset with a segment register. One ASSUME 
directive can be used to associate all the segment registers. For example: 

ASSUME CS:name1 ,DS:name2,SS:name3,ES:name4 

where name I, name2, and so on, are the names of the segments. The same result 
can be achieved by having one ASSUME for each register: 

ASSUME CS:name1 
ASSUME DS:name2 
ASSUME SS:name3 
ASSUME ES:nothing 
ASSUME nothing 

The key word "nothing" can be used to cancel a previous ASSUME directive. 

DB (Define Byte) 

The DB directive is used to allocate memory in byte-sized increments. 
Look at the following examples: 
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OATA1 
OATA2 
OATA3 

DB 
DB 
DB 

23 
45,97H,10000011 B 
The planet Earth' 

In DATAl a single byte is defined with initial value 23. DATA2 consists 
of several values in decimal (45), hex (97H), and binary (IOOOOOllB). Finally, in 
DATA3, the DB directive is used to define ASCII characters. The DB directive is 
normally used to define ASCII data. In all the examples above, the address location 
for each value is assigned by the assembler. We can assigned a specific offset address 
by the use of the ORO directive. 

DD (Define Doubleword) 

To allocate memory in 4-byte (32-bit) increments, the DD directive is used. 
Since word-sized operands are 16 bits wide (2 bytes) in 80x86 assemblers, a 
doubleword is 4 bytes. 

VALUE1 DO 
RESULT DO 
OAT4 DO 

4563F57H 
? 
25000000 

;RESERVE 4-BYTE LOCATION 

It must be noted that the values defined using the DD directive are placed 
in memory by the assembler in low byte to low address and high byte to high address 
order. This convention is referred to as little endian. For example, assuming that 
offset address 0020 is assigned to VALUEI in the example above, each byte will 
reside in memory as follows: 

OS:20=(57) 
OS:21 =(3F) 
OS:22=(56) 
OS:23=(04) 

DQ (Define Quadword) 

To allocate memory in 8-byte increments, the DQ directive is used. In the 
80x86 a word is defined as 2 bytes; therefore, a quadword is 8 bytes. 

OAT_64B DO 
OAT8 DO 

5677004EE4FF45AH 
10000000000000 

DT (Define Tenbytes) 

To allocate packed BCD data, 10 bytes at a time, the DT directive is used. 
This is widely used for memory allocation associated with BCD numbers. 

DATA OT 399977653419974 

Notice there is no H for the hexadecimal identifier following the number. 
This is a characteristic particular to the DT directive. In the case of other directives 
(DB, DW, DD, DQ), if there is no H at the end of the number, it is assumed to be in 
decimal and will be converted to hex by the assembler. Remember that the little 
endian convention is used to place the bytes in memory, with the least significant 
byte going to the low address and the most significant byte to the high address. DT 
can also be used to allocated decimal data if "d" is placed after the number: 

DATA OT 65535d ;stores hex FFFF in a 10-byte location 
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DUP (Duplicate) 

The DUP directive can be used to duplicate a set of data a certain number 
of times instead of having to write it over and over. 

DATA1 
DATA2 
DATA3 
DATA4 
DATA5 

DB 
DW 
DB 
DB 
DB 

DW (Define Word) 

20 DUP (99) 
6 DUP (5555H) 
10 DUP(?) 
5 DUP (5 DUP (0)) 
10 DUP (OO,FFH) 

;DUPLICATE 99 20 TIMES 
;DUPLICATE 5555H 6 TIMES 
;RESERVE 10 BYTES 
;25 BYTES INITIALIZED TO ZERO 
;20 BYTES ALTERNATE 00, FF 

To allocate memory in 2-byte (16-bit) increments, the OW directive is used. 
In the 80x86 family, a word is defined as 16 bits. 

DATAW_1 DW 
DATAW_2 DW 

5000 
7F6BH 

Again, in terms of placing the bytes in memory the little endian convention 
is used with the least significant byte going to the low address and the most 
significant byte going to the high address. 

END 

Every program must have an entry point. To identify that entry point the 
assembler relies on the END directive. The label for the entry and end point must 
match. 

HERE: MOV AX,DATASEG ;ENTRY POINT OF THE PROGRAM 

END HERE ;EXIT POINT OF THE PROGRAM 

If there are several modules, only one of them can have the entry point, and 
the name of that entry point must be the same as the name put for the END directive 
as shown below: 

;from the main program: 
EXTRN PROG1 :NEAR 

MAIN_PRO: MOV AX,DATASG 
MOV DS,AX 

CALL PROG1 

;from the module PROG1: 
PUBLIC PROG1 

PROG1 PROC 

PROG1 
RET 
ENDP 
END 
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;THE ENTRY POINT 

;THE EXIT POINT 

;RETURN TO THE MAIN MODULE 

;NO LABEL IS GIVEN 
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Notice the following points about the above code: 

I. The entry point must be identified by a name. In the example above the entry point 
is identified by the name MAIN ]RO. 

2. The exit point must be identified by the same name given to the entry point, 
MAIN PRO. 

3. Since a given program can have only one entry point and exit point, all modules 
called (either from main or from the submodules) must have directive END with 
nothing after it. 

ENDP (see the PROC directive) 

ENDS (see the SEGMENT and STRUCT directives) 

EQU (Equate) 

To assign a fixed value to a name, one uses the EQU directive. The 
assembler will replace each occurrence of the name with the value assigned to it. 

FIX_VALU 
PORT_A 
COUNT 
MA8K_1 

EQU 
EQU 
EQU 
EQU 

1200 
60H 
100 
00001111B 

Unlike data directives such as DB, OW, and so on, EQU does not assign 
any memory storage; therefore, it can be defined at any time at any place, and can 
even be used within the code segment. 

EVEN 

The EVEN directive forces memory allocation to start at an even address. 
This is useful due to the fact that in 8086, 286, and 386SXmicroprocessors, accessing 
a 2-byte operand located at an odd address takes extra time. The use of the EVEN 
directive directs the assembler to assign an even address to the variable. 

ORG 
OB 
EVEN 
OW 

0020H 
34H 

7F5BH 

The following shows the contents of memory locations: 

08:0020 = (34) 
08:0021 = (? ) 
08:0022 = (5B) 
08:0023 = (7F) 

Notice that the EVEN directive caused memory location OS:0021 to be 
bypassed, and the value for OATA_ 2 is placed in memory starting with an even 
address. 
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EXTRN (External) 

The EXTRN directive is used to indicate that certain variables and names 
used in a module are defined by another module. In the absence of the EXTRN 
directive, the assembler would search for the definition and give an error when it 
couldn't find it. The format of this directive is 

EXTRN name1 :typea [,name2:typeb] 

where type will be NEAR or FAR if name refers to a procedure, or will be BYTE, 
WORD, DWORD, QWORD, TBYTE if name refers to a data variable. 

;from the main program: 
EXTRN PROG1 :NEAR 
PUBLIC DATA1 

MAIN PROMOV 
MOV 

AX,DATASG 
DS,AX 

CALL PROG1 

END 

;PROG1 is located in a different file: 
EXTRN DATA1:WORD 
PUBLIC PROG1 

PROG1 PROC 

MOV BX,DATA1 

;THE ENTRY POINT 

;THE EXIT POINT 

RET 
ENDP 
END 

;RETURN TO THE MAIN MODULE 
PROG1 

Notice that the EXTRN directive is used in the main procedure to identify 
PROG I as a NEAR procedure. This is needed because PROG I is not defined in that 
module. Correspondingly, PROG I is defined as PUBLIC in the module where it is 
defined. EXTRN is used in the PROG I module to declare that operand DATA I, of 
size WORD, has been defined in another module. Correspondingly, DATA I is 
declared as PUBLIC in the calling module. 

GROUP 

The GROUP directive causes the named segments to be linked into the same 
64K byte segment. All segments listed in the GROUP directive must fit into 64K 
bytes. This can be used to combine segements of the same type, or different classes 
of segments. An example follows: 

SMALL_SYS GROUP DTSEG,STSEG,CDSEG 

The ASSUME directive must be changed to make the segment registers 
point to the group: 

ASSUME CS:SMALL_SYS,DS:SMALL_SYS,SS:SMALL_SYS 

The group will be listed in the list file, as shown below: 
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Segments and Groups: 

Name 

SMALL_SYS .. . 
STSEG ...... . 
DTSEG ...... . 
CDSEG .... . 

INCLUDE 

Length Align Combine Class 

GROUP 
0040 PARA NONE 
0024 PARA NONE 
005A PARA NONE 

When there is a group of macros written and saved in a separate file, the 
INCLUDE directive can be used to bring them into another file. In the program 
listing (.1st file), these macros will be identified by the symbol "C" (or "+" in some 
versions of MASM) before each instruction to indicate that they are copied to the 
present file by the INCLUDE directive. 

LABEL 

The LABEL directive allows a given variable or name to be referred to by 
multiple names. This is often used for multiple definition of the same variable or 
name. The format of the LABEL directive is 

name LABEL type 

where type may be BYTE, WORD, DWORD, QWORD. For example, a variable 
name DATA 1 is defined as a word and also needs to be accessed as 2 bytes, as shown 
in the following: 

DATA B LABEL BYTE 
DATA1 DW 25F6H 

MOV AX, DATA 1 ;AX=25F6H 
MOV BL,DATA_B ;BL=F6H 
MOV BH,DATA_B +1 ;BH=25H 

The following shows the LABEL directive being used to allow accessing a 
32-bit data item in 16-bit portions. 

DATA_16 LABEL 
DATDD_4 DD 

MOV 
MOV 

WORD 
4387983FH 

AX,DATA_16 
DX,DATA_16+2 

;AX=983FH 
;DX=4387H 

The following shows its use in a JMP instruction to go to a different code 
segment. 

PROG_A LABEL 
INITI: MOV 

OUT 

FAR 
AL,12H 
PORT,AL 

In the program above the address assigned to the names "PROG _ A" and 
"!NITI" are exactly the same. The same function can be achieved by the following: 

JMP FAR PTR INITI 
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LENGTH 

The LENGTH operator returns the number of items defined by a DUP 
operand. See the SIZE directive for an example. 

OFFSET 

To access the offset address assigned to a variable or a name, one uses the 
OFFSET directive. For example, the OFFSET directive was used in the following 
example to get the offset address assigned by the assembler to the variable DATAl: 

DATA1 
ORG 
DW 

5600H 
2345H 

MOV SI,OFFSET DATA1 ;SI=OFFSET OF DATA1 = 5600H 

Notice that this has the same result as "LEA SI,DATAI ". 

ORG (Origin) 

The ORG directive is used to assign an offset address for a variable orname. 
For example, to force variable DATAl to be located starting from offset address 
0020, one would write 

ORG 0020H 
DATA1 DW41F2H 

This ensures the offset addresses of 0020 and 0021 with contents 0020H = (F2) and 
0021H = (41). 

PAGE 

The PAGE directive is used to make the" .1st" file print in a specific format. 
The format of the PAGE directive is 

PAGE [Iines],[columns] 

The default listing (meaning that no PAGE directive is coded) will have 66 
lines per page with a maximum of 80 characters per line. This can be changed to 
60 and 132 with the directive "PAGE 60,132". The range for number of lines is 10 
to 255 and for columns is 60 to 132. A PAGE directive with no numbers will generate 
a page break. 

PROC and ENDP (Procedure and End Procedure) 

Often, a group of Assembly language instructions will be combined into a 
procedure so that it can be called by another module. The PROC and ENDP 
directives are used to indicate the beginning and end of the procedure. For a given 
procedure the name assigned to PROC and ENDP must be exactly the same. 

name1 PROC [attribute] 

name1 ENDP 
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There are two choices for the attribute of the PROC: NEAR or FAR. Ifno 
attribute is given, the default is NEAR. When a NEAR procedure is called, only IP 
IS saved since CS of the called procedure is the same as the calling program. If a 
FAR procedure is called, both IP and CS are saved since the code segment of the 
called procedure is different from the calling program. 

PTR (Pointer) 

The PTR directive is used to specify the size of the operand. Among the 
options for size are BYTE, WORD, DWORD, and QWORD. This directive is used 
in many different ways, the most common of which are explained below. 

I. PTR can be used to allow an override of a previously defined data directive. 

DATA1 
DATA2 
DATA3 

DB 
DW 
DD 

MOV 
MOV 

23H,7FH,99H,OB2H 
67F1H 
22229999H 

AX, WORD PTR DATA1 
BX, WORD PTR DATA1 + 2 

;AX=7F23 
;BX,B299H 

Although DATAl was initially defined as DB, it can be accessed using the 
WORD PTR directive. 

MOV AL, BYTE PTR DATA2 ;AL=F1H 

In the above code, notice that DATA2 was defined as WORD but it was 
accessed as BYTE with the help of BYTE PTR. If this had been coded as "MOY 
AL,DATA2", it would generate an error since the sizes ofthe operands do not match. 

MOV 
MOV 

AX, WORD PTR DATA3 
DX, WORD PTR DATA3 + 2 

;AX=9999H 
;DX=2222H 

DATA3 was defined as a 4-byte operand but registers are only 2 bytes wide. 
The WORD PTR directive solved that problem. 

2. The PTR directive can be used to specify the size of a directive in order to help the 
assembler translate the instruction. 

INC [DI] ;will cause an error 

This instruction was meant to increment the contents of the memory 
location(s) pointed at by [OIl. How does the assembler know whether it is a byte 
operand, word operand, or doubleword operand? Since it does not know, it will 
generate an error. To correct that, use the PTR directive to specify the size of the 
operand as shown next. 

INC 
or 
INC 
or 
INC 

BYTE PTR [SI] 

WORD PTR [SI] 

DWORD PTR [SI] 

;increment a byte pointed by SI 

;increment a word pointed by SI 

;increment a doubleword pointed by SI 

3. The PTR directive can be used to specify the distance of a jump. The options for 
the distance are FAR and NEAR. 

JMP FAR PTR INTI ;ensures that it will be a 5-byte instruction 
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INITI: MOV AX,1200 

See the LABEL directive to find out how it can be used to achieve the same 
result. 

PUBLIC 

To inform the assembler that a name or symbol will be referenced by other 
modules, it is marked by the PUBLIC directive. Ifa module is referencing a variable 
outside itself, that variable must be declared as EXTRN. Correspondingly, in the 
module where the variable is defined, that variable must be declared as PUBLIC in 
order to allow it to be referenced by other modules. See the EXTRN directive for 
examples of the use of both EXTRN and PUBLIC. 

SEG (Segment Address) 

The SEG operntor is used to access the address of the segment where the 
name has been defined. 

DATA1 DW 2341H 

MOV AX,SEG DATA1 ;AX=SEGMENT ADDRESS OF DATA1 

This is in contrast to the OFFSET directive, which accesses the offset 
address instead of the segment. 

SEGMENT and ENDS 

In full segment definition these two directives are used to indicate the 
beginning and the end of the segment. They must have the same name for a given 
segment definition. See the following example: 

DATSEG 
DATA1 
DATA2 
DATA3 
DATSEG 

SEGMENT 
DB 2FH 
DW 1200 
DD 99999999H 
ENDS 

There are severnl options associated with the SEGMENT directive, as 
follows: 

name1 SEGMENT [align] [combine] [class] 

name1 ENDS 

ALIGNMENT: When several assembled modules are linked together, this 
indicates where the segment is to begin. There are many options, including PARA 
(paragraph = 16 bytes), WORD, and BYTE. If PARA is chosen, the segment starts 
at a hex address divisible by IOH. PARA is the default alignment. In this alignment, 
if a segment for a module finished at 00024H, the next segment will start at address 
00030H, leaving from 00025 to 0002F unused. If WORD is chosen, the segment is 
forced to start at a word boundary. In BYTE alignment, the segment starts at the 
next byte and no memory is wasted. There is also the PAGE option, which aligns 
segments along the I OOH (256) byte boundary. While all these options are supported 
by many assemblers, such as MASM and TASM, there is another option supported 
only by assemblers that allow system development. This option is AT. The AT 
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option allows the program to assign a physical address. For example, to burn a 
program into ROM starting at physical address FOOOO, code 

ROM_CODE SEGMENT AT FOOOH 

Due to the fact that option AT allows the programmer to specity a physical 
address that conflicts with DOS's memory management responsibility, many assem­
blers such as MASM will not allow option AT. 

COMBINE TYPE: This option is used to merge together all the similar 
segments to create one large segment. Among the options widely used are PUBLIC 
and STACK. PUBLIC is widely used in code segment definitions when linking 
more than one module. This will consolidate all the code segments of the various 
modules into one large code segment. If there is only one data segment and that 
belongs to the main module, there is no need to define it as PUBLIC since no other 
module has any data segment to combine with. However, if other modules have 
their own data segments, it is recommended that they be made PUBLIC to create a 
single data segment when they are linked. In the absence of that, the linker would 
assume that each segment is private and they would not be combined with other 
similar segments (codes with codes and data with data). Since there is only one 
stack segment, which belongs to the main module, there is no need to define it as 
PUBLIC. The STACK option is used only with the stack segment definition and 
indicates to the linker that it should combine the user's defined stack with the system 
stack to create a single stack for the entire program. This is the stack that is used at 
run time (when the CPU is actually executing the program). 

CLASS NAME: Indicates to the linker that all segments of the same class 
should be placed next to each other by the LINKER. Four class names commonly 
used are 'CODE', 'DATA', 'STACK', and 'EXTRA'. When this attribute is used 
in the segment definition, it must be enclosed in single apostrophes in order to be 
recognized by the linker. 

SHORT 

In a direct jump such as "IMP POINT_A", the assembler has to choose 
either the 2-byte or 3-byte format. In the 2-byte format, one byte is the opcode and 
the second byte is the signed number displacement value added to the IP of the 
instruction immediately following the IMP. This displacement can be anywhere 
between -128 and + 127. A negative number indicates a backward IMP and a 
positive number a forward IMP. In the 3-byte format the first byte is the opcode 
and the next two bytes are for the signed number displacement value, which can 
range from -32,768 to 32,767. When assembling a program, the assembler makes 
two passes througb the program. Certain tasks are done in the first pass and others 
are left to the second pass to complete. In the first pass the assembler chooses the 
3-byte code for the IMP. After the first pass is complete, it will know the target 
address and fill it in during the second pass. If the target address indicates a short 
jump (less than 128) bytes away, it fills the last byte with NOP. To inform the 
assembler that the target address is no more than 128 bytes away, the SHORT 
directive can be used. Using the SHORT directive makes sure that the IMP is a 
2-byte instruction and not 3-byte with I byte as NOP code. The 2-byte IMP requires 
I byte less memory and is executed faster. 
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SIZE 

The size operator returns the total number of bytes occupied by a name. 
The three directives LENGTH, SIZE, and TYPE are somewhat related. Below is a 
description of each one using the following set of data defined in a data segment: 

DATA1 DO 
DATA2 DW 
DATA3 DB 
DATA4 DW 
DATA5 DD 

7 
7 
20 DUP (7) 
100 DUP (7) 
10 DUP (7) 

TYPE allows one to know the storage allocation directive for a given 
variable by providing the number of bytes according to the following table: 

bytes 
1 DB 
2 DW 
4 DD 
8 DO 
10 DT 

For example: 
MOV 
MOV 
MOV 
MOV 

BX,TYPE DATA2 
DX,TYPE DATA1 
AX,TYPE DATA3 
CX,TYPE DATA5 

;BX=2 
;DX=8 
;AX=1 
;CX=4 

When a DUP is used to define the number of entries for a given variable, 
the LENGTH directive can be used to get that number. 

MOV 
MOV 
MOV 

CX,LENGTH DATA4 
AX,LENGTH DATA3 
DX,LENGTH DATA5 

;CX=64H (100 DECIMAL) 
;AX=14H (20 DECIMAL) 
;DX=OA(10 DECIMAL) 

If the defined variable does not have any DUP in it, the LENGTH is assumed 
to be 1. 

MOV BX,LENGTH DATA1 ;BX=1 

SIZE is used to determine the total number of bytes allocated for a variable 
that has been defined with the DUP directive. In reality the SIZE directive basically 
provides the product of the TYPE times LENGTH. 

MOV 
MOV 

STRUC (Structure) 

DX, SIZE DATA4 
CX, SIZE DATA5 

;DX=C8H=200 (100 x 2=200) 
;CX=28H=40 (4 x 10=40) 

The STRUC directive indicates the beginning of a structure definition. It 
ends with an ENDS directive, whose label matches the STRUC label. Although the 
same mnemonic ENDS is used for end of segment and end of structure, the 
assembler knows which is meant by the context. A structure is a collection of data 
types that can be accessed either collectively by the structure name or individually 
by the labels of the data types within the structure. A structure type must first be 
defined and then variables in the data segment may be allocated as that structure 
type. Looking at the following example, the data directives between STRUC and 
ENDS declare what structure ASC_AREA looks like. No memory is allocated for 
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such a structure definition. Immediately below the structure definition is the label 
ASC _INPUT, which is declared to be of type ASC _AREA. Memory is allocated 
for the variable ASC_INPUT. Notice in the code segment that ASC_INPUTcan be 
accessed either in its entirety or by its component parts. It is accessed as a whole 
unit in "MaY DX,OFFSET ASC_INPUT". Its component parts are accessed by 
the variable name followed by a period, then the component's name. For example, 
"MaY BL,ASC _ INPUT.ACT _LEN" accesses the actual length field of ASC _ IN­
PUT. 

;from the data segment: 
ASC_AREA 
MAX_LEN 
ACT_LEN 
ASC_NUM 
ASC_AREA 
ASC_'NPUT 

STRUC 
DB 6 
DB 7 
DB 6 DUP (7) 
ENDS 
ASC_AREA <> 

;defines strue for string input 
; maximum length of input string 
; actual length of input string 
; input string 
;end strue definition 
;alioeates memory for strue 

;from the code segment: 

TITLE 

MOV 
MOV 
INT 

AH,OAH 
DX,OFFSET ASC_INPUT 
21H 

MOV SI,OFFSET ASC_INPUT.ASC_NUM ;SI points to ASCII num 
MOV BL,ASC_INPUT.ACT _LEN ;BL holds string length 

The TITLE directive instructs the assembler to print the title of the program 
on top of each page ofthe ".1st" file. What comes after the TITLE pseudo-instruction 
is up to the programmer, but it is common practice to put the name of the program 
as stored on the disk right after the TITLE pseudo-instruction and then a brief 
description of the function of the program. Whatever is placed after the TITLE 
pseudo-instruction cannot be more than 60 ASCII characters (letters, numbers, 
spaces, punctuation). 

TYPE 

The TYPE operator returns the number of bytes reserved for the named data 
object. See the SIZE directive for examples of its use. 
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SECTION C.2: RULES FOR LABELS AND RESERVED NAMES 

Labels in 80x86 Assembly language for MASM 5.1 and higher must follow 
these rules: 

1. Names can be composed of: 
alphabetic characters: A - Z and a - z 
digits: 0 - 9 
special characters: "?" "." "@" "~" 11$" 

2. Names must begin with an alphabetic or special character. Names cannot begin with 
a digit. 

3. Names can be up to 31 characters long. 

4. The special character "." can only be used as the frrst character. 

5. Uppercase and lowercase are treated the same. "NAME 1 " is treated the same as 
IIName 1" and "name 1". 

Assembly language programs have five types of labels or names: 

1. Code labels, which give symbolic names to instructions so that other instructions 
(such as jumps) may refer to them 

2. Procedure labels, which assign a name to a procedure 

3. Segment labels, which assign a name to a segment 

4. Data labels, which give names to data items 

5. Labels created with the LABEL directive 

Code labels 

These labels will be followed by a colon and have the type NEAR. This 
enables other instructions within the code segment to refer to the instruction. The 
labels can be on the same line as the instruction: 

ADD_LP: ADD AL,[BX] 

LOOPADDJP 

or on a line by themselves: 

ADD AL,[BX] 

;Iabel is on same line as the instruction 

;Iabel is on a line by itself 
;ADD_LP refers to this instruction 
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Register Names: 

AH AL AX 
DI DL DS 

Instructions: 

AM 
AND 
CMC 
DEC 
IN 
JAE 
JGE 
JNB 
JNLE 
JP 
LDS 
LOOPE 
MUL 
OUT 
RCR 
RET 
SBB 
STI 
XLAT 

896 

Procedure labels 

These labels assign a symbolic name to a procedure. The label can be 
NEAR or FAR. When using full segment definition, the default type is NEAR. 
When using simplified segment definition, the type will be NEAR for compact or 
small models but will be FAR for medium, large, and huge models. For more 
information on procedures, see PROC in Section C.l. 

Segment labels 

These labels give symbolic names to segments. The name must be the same 
in the SEGMENT and ENDS directives. See SEGMENT in Section C.l for more 
information. Example: 

SEGMENT 
OW ? 
ENDS 

Data labels 

These labels give symbolic names to data items. This allows them to be 
accessed by instructions. Directives DB, DW, DD, DQ, and DT are used to allocate 
data. Examples: 

DATA1 
DATA2 
SUM 

DB 
DB 
OW 

43H 
F2H 
? 

Labels defined with the LABEL directive 

The LABEL directive can be used to redefine a label. See LABEL in 
Section C.l for more information. 

Reserved Names 

The following is a list of reserved words in 80x86 Assembly language 
programming. These words cannot be used as user-defined labels or variable names. 

BH BL BP BX CH CL CS CX DH 
DX ES SI SP SS 

MD MM MS ADC ADD 
CALL CBW CLC CLD CLI 
CMP CMPS CWD DM DAS 
DIV ESC HLT IDIV IMUL 
INC INT INTO IRET JA 
JB JBE JCXZ JE JG 
JL JLE JMP JNA JNAE 
JNBE JNE JNG JNGE JNL 
JNO JNP JNS JNZ JO 
JPE JPO JS JZ LAHF 
LEA LES LOCK LODS LOOP 
LOOPNE LOOPNZ LOOPZ MOV MOVS 
NEG NIL NOP NOT OR 
POP POPF PUSH PUSHF RCL 
REP REPE REPNE REPNZ REPZ 
ROL ROR SAHF SAL SAR 
SCAS SHL SHR STC STD 
STOS SUB TEST WAIT XCHG 
XOR 
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Assembler operators and directives 

$ + f = ? [ I 
ALIGN ASSUME BYTE COMM COMMENT DB 
DD DF DOSSEG DQ DS DT 
DW DWORD DUP ELSE END ENDIF 
ENDM ENDS EQ EQU EVEN EXITM 
EXTRN FAR FWORD GE GROUP GT 
HIGH IF IFB IFDEF IFDIF IFE 
IFIDN IFNB IFNDEF IF1 IF2 INCLUDE 
INCLUDELIB IRP IRPC LABEL LE LENGTH 
LINE LOCAL LOW LT MACRO MASK 
MOD NAME NE NEAR NOTHING OFFSET 
ORG PAGE PROC PTR PUBLIC PURGE 
QWORD RECORD REPT REPTRD SEG SEGMENT 
SHORT SIZE STACK STRUC SUBTTL TBYTE 
THIS TITLE TYPE WIDTH WORD 
.186 .286 .286P .287 .386 .386P 
.387 .8086 .8087 .ALPHA .CODE .CONST 
.CREF .DATA .DATA? .ERR .ERR1 .ERR2 
.ERRB .ERRDEF .ERRDIF .ERRE .ERRIDN .ERRNB 
.ERRNDEF .ERRNZ .FARDATA .FARDATA? .LALL .LFCOND 
.LlST .MODEL %OUT .RADIX .SALL .SEQ 
.SFCOND .STACK .TFCOND .TYPE .xALL .xC REF 
.xLlST 
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APPENDIX D: DOS INTERRUPT 21H 
AND 33H LISTING 

This appendix lists many of the DOS 21 H interrupts, which are used 
primarily for input, output, and file and memory management. In addition, this 
appendix covers some functions of !NT 33H, the mouse handling interrupt. As was 
mentioned in Chapter 5, this interrupt is not a part of DOS or BIOS, but is part of 
the mouse driver software. 
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First, before covering the DOS 21H interrupts, a few notes are given about 
file management under DOS. There are two commonly used ways to access files in 
DOS. One is through what is called a file handle, the other is through an FCB, or 
file control block. These terms are defined in detail below. Function calls OFH 
through 28H use FCBs to access files. Function calls 39H through 62H use file 
handles. Handle calls are more powerful and easier to use. However, FCB calls 
maintain compatibility down to DOS version !.l0. FCB calls have the further 
limitation that they reference only the files in the current directory, whereas handle 
calls reference any file in any directory. FCB calls use the file control block to 
perform any function on a file. Handle calls use an ASCIIZ string (defined below) 
to open, create, delete, or rename a file and use a file handle for I/O requests. There 
are some terms used in the interrupt listing that will be unfamiliar to many readers. 
DOS manuals provide complete coverage of the details of file managment, but a 
few key terms are defined below. 

ASCIIZ string 

This is a string composes of any combination of ASCII characters and 
terminated with one byte of binary zeros (OOH). It is frequently used in DOS 2lH 
interrupt calls to specify a filename or path. The following is an example of an 
ASCIIZ string that was defined in the data segment of a program: 

NAME 1 DB 'C:IPROGRAMSISYSTEM_AIPROGRAM5.ASM',O 

Directory 

DOS keeps track of where files are located by means of a directory. Each 
disk can be partitioned into one or more directories. The directory listing lists each 
file in that directory, the number of bytes in the file, the date and time the file was 
created, and other information that DOS needs to access that file. The familiar DOS 
command "DIR" lists the directory of the current drive to the monitor. 

DTA Disk transfer area 

This is essentially a buffer area that DOS will use to hold data for reads or 
writes performed with FCB function calls. This area can be set up by your program 
anywhere in the data segment. Function call IAH tells DOS the location of the 
DTA. Only one DTA can be active at a time. 

APPENDIX D: DOS INTERRUPT 21H AND 33H LISTING 



FAT File allocation table 

Each disk has a file allocation table that gives information about the clusters 
on a disk. Each disk is divided into sectors, which are grouped into clusters. The 
size of sectors and clusters varies among the different disk types. For each cluster 
in the disk, the FAT has a code indicating whether the cluster is being used by a file, 
is available, is reserved, or has been marked as a bad cluster. DOS uses this 
information in storing and retrieving files. 

FeB File control block 

One FCB is associated with each open file. It is composed of 37 bytes of 
data that give information about a file, such as drive, filename and extension, size 
of the file in bytes, and date and time it was created. It also stores the current block 
and record numbers, which serve as pointers into a file when it is being read or 
written to. DOS INT 21 H function calls OFH through 28H use FCBs to access files. 
Function OFH is used to open a file, l6H to create a new file. Function calls l4H-
28H perform read/write functions on the file, and l6H is used to close the file. 
Typically, the filename information is set up with function call 29H (Parse File­
name), and then the address of the FCB is placed in DS:DX and is used to access 
the file. 

File handle 

DOS function calls 3CH through 62H use file handles. When a file or 
device is created or opened with one of these calls, its file handle is returned. The 
file handle is used thereafter to refer to that file for input, output, closing the file, 
and so on. DOS has a few predefined file handles that can be used by any Assembly 
language program. These do not need to be opened before they are used: 

Handle value 
0000 
0001 
0002 
0003 
0004 

Refers to 
standard input device (typically, the keyboard) 
standard output device (typically, the monitor) 
standard error output device (typically, the monitor) 
standard auxiliary device (AUX 1) 
standard printer device (PTR 1) 

PSP Program segment prefix 

The PSP is a 256-byte area of memory reserved by DOS for each program. 
It provides an area to store shared information between the program and DOS. 
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AH Function of INT 21 H 

00 Terminate the program 

Additional Call Registers 
CS - segment address of 
PSP (program segment prefix) 

Result Registers 
None 

Note: Files should be closed previously or data may be lost. 

01 Keyboard Input with echo 

Additional Call Registers Result Registers 
None AL = input character 

Note: Checks for ctrl-break. 

02 Output character to monitor 

Additional Call Registers Result Registers 
DL = character to be displayed None 

03 Asynchronous input from auxiliary device (serial device) 

Additional Call Registers 
None 

04 Asynchronous character output 

Additional Call Registers 
DL = character to be output 

05 Output character to printer 

Additional Call Registers 
DL - character to be printed 

06 Console 1/0 

Additional Call Registers 
DL = OFFH if input 
or character to be 
displayed, if output 

Result Registers 
AL = input character 

Result Registers 
None 

Result Registers 
None 

Result Registers 
AL - OH if no character available 

= character that was input, if 
input successful 

Note: If input, ZF is cleared and AL will have the character. ZF is set if input 
and no character was available. 
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AH Function of INT 21 H 

07 Keyboard input without echo 

Additional Call Registers Result Registers 
None AL = input character 

Note: Does not check for ctrl-break. 

08 Keyboard input without echo 

Additional Call Registers Result Registers 
None AL = input character 

Note: Checks for ctrl-break. 

09 String output 

Additional Call Registers Result Registers 
DS:DX = string address None 

Note: Displays characters beginning at address until a '$' (ASCII 36) is 
encountered. 

OA String input 

Additional Call Registers 
DS:DX = address at which 
to store string 

Result Registers 
None 

Note: Specify the maximum size of the string in byte 1 of the buffer. DOS will 
place the actual size of the string in byte 2. The string begins in byte 3. 

DB Get keyboard status 

Additional Call Registers 
None 

Note: Checks for ctrl-break. 

Result Registers 
AL - 00 if no character waiting 

= OFFH if character waiting 

DC Reset input buffer and call keyboard input function 

Additional Call Registers 
AL - keyboard function number 
01 H, 06H, 07H, 08H or OAH 

Result Registers 
None 

Note: This function waits until a character is typed in. 
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AH Function of INT 21 H 

00 Reset disk 

Additional Call Registers Result Registers 
None None 

Note: Flushes DOS file buffers but does not close files. 

OE Set default drive 

Additional Call Registers 
DL = code for drive 
(O=A, 1 =B, 2=C, etc.) 

OF Open file 

Additional Call Registers 
DS:DX - address of FCB 

Result Registers 
AL = number of logical drives 
in system 

Result Registers 
AL = 00 if successful 

= OFFH if file not found 

Note: Searches current directory for file. If found, FCB is filled. 

10 Close file 

Additional Call Registers 
DS:DX = address of FCB 

ResultR~eg~i~st~e~rs~~ ______ _ 
AL = 00 if successful 

= OFFH if file not found 

Note: Flushes all buffers. Also updates directory if file has been modified. 

11 Search for first matching filename 

Additional Call Registers Result Registers 
DS:DX = address of FCB AL = 00 if match is found 

= OFFH if no match found 

Note: Filenames can contain wildcards '?' and "'. 

12 Search for next match 

Additional Call Registers Result Registers 
DS:DX = address of FCB AL = 00 if match found 

= OFFH if no match found 

Note: This call should be used only if previous call to 11 H or 12H has been 
successful. 
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AH Function of INT 21 H 

13 Delete file(s) 

Additional Call Registers Result Registers 
DS:DX - address of FCB AL = 00 if file(s) deleted 

= OFFH if no files deleted 

Note: Deletes all files in current directory matching filename, provided that 
they are not read-only. Files should be closed before deleting. 

14 Sequential read 

Additional Call Registers 
DS:DX - address of opened FCB 

Result Registers 
AL - DOH if read successful 

= 01 H if end of file and no 
data is read 

= 02H if DTA is too small to 
hold the record 

= 03H if partial record read and 
end of file is reached 

Note: The file pointer, block pointer, and FCB record pointer are updated 
automatically by DOS. 

15 Sequential write 

Additional Call Registers 
DS:DX = address of opened FCB 

Result Registers 
AL = DOH if write successful 

= 01 H if disk is full 
= 02H if DTA is too small to 

hold the record 

Note: The file pointer, block pointer, and FCB record pointer are updated 
automatically by DOS. The record may not be written physically until a cluster 
is full or the file is closed. 

16 Create/open a file 

Additional Call Registers 
DS:DX = addr. of unopened FCB 

= OFFH if unsuccessful 

Result Registers 
AL = DOH if successful 

Note: If the file already exists, it will be truncated to length O. 

17 Rename file(s) 

Additional Call Registers 
DS:DX = address of FCB 

Result Registers 
AL = DOH if file(s) renamed 

= OFFH if file not found 
or new name already exists 

Note: The old name is in the name position of the FCB; the new name is at 
the size (offset 16H) position. 
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AH Function of INT 21H 

18 Reserved 

19 Get default drive 

Additional Call Registers Result Registers 
None AL - OH for drive A 

= 1H for drive B 
= 2H for drive C 

1A Specify OTA (disk transfer address) 

Additional Call Registers Result Registers 
DS:DX = DTA None 

Note: Only one DTA can be current at a time. This function must be 
called before FCB reads, writes, and directory searches. 

1 B Get FAT (file allocation table) for default drive 

Additional Call Registers 
None 

Result Registers 
AL = number of sectors per cluster 
CX = number of bytes per sector 
DX = number of cluster per disk 
DS:BX FATid 

1C Get FAT (file allocation table) for any drive 

Additional Call Registers 
DL - drive code 
o forA 
1 for B 
2 for C 

10 Reserved 

1E Reserved 

1F Reserved 

20 Reserved 

21 Random read 

Additional Call Registers 
DS:DX = address of opened FCB 

Result Registers 
AL = number of sectors per cluster 
CX = number of bytes per sector 
DX = number of cluster per disk 
DS:BX FATid 

Result Registers 
AL = DOH if read successful 

= 01 H if end of file and no data read 
= 02H if DTA too small for record 
= 03H if end of file and partial read 

Note: Reads record pointed at by current block and record fields into DTA. 
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22 Random write 

Additional Call Registers 
DS:DX = address of opened FCB 
= 01 H if disk is full 
= 02H if DTA too small for record 

Result Registers 
AL - OOH if write successful 

Note: Writes from DTA to record pointed at by current block and record fields. 

23 Get file size 

Additional Call Registers 
DS:DX = addr. of unopened FCB 

of records is set in FCB random­
record field (offset 0021 H) 

= OFFH if no match found 

Result Registers 
AL = OOH if file found, number 

Note: The FCB should contain the record size before the interrupt. 

24 Set random record field 

Additional Call Registers Result Registers 
DS:DX - address of opened FCB None 

Note: This sets the random-record field (offset 0021 H) in the FCB. It is used 
prior to switching from sequential to random processing. 

25 Set interrupt vector 

Additional Call Registers 
DS:DX = interrupt handler addr. 
AL = machine interrupt number 

Result Registers 
None 

Note: This is used to change the way the system handles interrupts. 

26 Create a new PSP (program segment prefix) 

Additional Call Registers Result Registers _____ _ 
DX = segment addr. of new PSP None 

Note: DOS versions 2.0 and higher recommend not using this service, but 
using service 4B (exec). 
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27 Random block read 

Additional Call Registers 
DS:DX - address of opened FCB 
CX = number records to be read 
= 02H if DTA too small for block 
= 03H if EOF and partial block read 
CX = number of records actually read 

Result Registers 
AL - OOH if read successful 
= 01 H if end of file and no data read 

Note: Set the FCB random record and record size fields prior to the interrupt. 
DOS will update the random record, current block, and current record fields 
after the read. 

28 Random block write 

Additional Call Registers 
DS:DX = address of opened FCB 
CX = number records to write 
= 02H if DTA too small for block 
CX = number of records actually written 

Result Registers 
AL = OOH if write successful 
= 01 H if disk is full 

Note: Set the FCB random record and record size fields prior to the interrupt. 
DOS will update the random record, current block and current record fields 
after the write. If CX = 0 prior to the interrupt, nothing is written to the file 
and the file is truncated or extended to the length computed by the random 
record and record size fields. 

29 Parse filename 

Additional Call Registers 
DS:SI - address of command line 
ES:OI = address of FCB 
AL = parsing flags in bits 0-3 

Bit 0 = 1 if leading separators 
are to be ignored; otherwise 
no scan-off takes place 
Bit 1 = 1 if drive 10 in FCB 
will be changed only if drive 
was specified in command line 
Bit 2 = 1 if filename will be 
changed only if filename was 
specified in command line 
Bit 3 = 1 if extension will be 
changed only if extension was 
specified in command line 

Result Registers 
DS:SI - address of first char after 
ES:OI = address of first byte of 

formatted unopened FCB 
AL = OOH if no wildcards were in 

filename or extension 
= 01 H if wildcard found 
= OFFH if drive specifier is invalid 

Note: The command line is parsed for a filename, then an unopened FCB is 
created at DS:SI. The command should not be used if path names are 
specified. 
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2A Get system date 

Additional Call Registers 
None 

2B Set system date 

Additional Call Registers 
CX - year (1980-2099) 
DH = month (1-12) 
DL = day (1-31) 

2C Get system time 

Additional Call Registers 
None 

Result Registers 
CX - year (1980-2099) 
DH = month (1-12) 
DL = day (1-31) 
AL = day of week code 

(0 = Sunday, ... , 6 = Saturday) 

Result Registers 
AL = OOH if date set 
= OFFH if date not valid 

Result Registers 
CH = hour (0 .. 23) 
CL = minute ( 0 .. 59) 
DH = second (0 .. 59) 
DL = hundredth of second 

(0 .. 99) 

Note: The format returned can be used in calculations but can be converted 
to a printable format. 

20 Set system time 

Additional Call Registers 
CH = hour (0 .. 23) 
CL = minute 
DH = second 
DL = hundredth of second 

2E Set/reset verify switch 

Additional Call Registers 
AL - 0 to turn verify off 
= 1 to turn verify on 

Result Registers 
AL = OOH if time set 

= OFFH if time invalid 

Result Registers 
None 

Note: If verify is on, DOS will perform a verify every time data is written to 
disk. An interrupt call to 54H gets the setting of the verify switch. 

2F Get OTA (disk transfer area) 

Additional Call Registers Result Registers 
None ES:BX = address of DTA 
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30 Get DOS version number 

Additional Call Registers 
None 

Result Registers 
AL - major version number (O,2,3,etc.) 
AH = minor version number 

31 Terminate process and stay resident (KEEP process) 

Additional Call Registers Resu It Registers 
AL = binary return code None 

DX = memory size in paragraphs 

Note: This interrupt call terminates the current process and attempts to place 
the memory size in paragraphs in the initial allocation block, but does not 
release any other allocation blocks. The return code in AL can be retrieved 
by the parent process using interrupt 21 call 4DH. 

32 Reserved 

33 Ctrl-break control 

Additional Call Registers 
AL - 00 to get state of 

ctrl-break check 
= 01 to modify state of 

ctrl-break check 
DL = 00 to turn check off 
= 01 to turn check on 

Result Registers 
DL - 00 if ctrl-break check off 

= 01 if ctrl-break check on 

Note: When ctrl-break check is set to off, DOS minimizes the times it checks 
for ctrl-break input. When it is set to on, DOS checks for ctrl-break on most 
operations. 

34 Reserved 

35 Get interrupt vector address 

Additional Call Registers 
AL = interrupt number 

36 Get free disk space 

Additional Call Registers 
DL - drive code 
(0 = default, 
1 = A, 2 = B,etc.) 

Result Registers 
ES:BX = address of interrupt handler 

Result Registers 
AX = FFFFH if drive code invalid 

= sectors per cluster if valid 
BX = number of available clusters 
CX = bytes per sector 
DX = total clusters per drive 
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37 Reserved 

38 Country dependent information 

Additional Call Registers 
DS:DX = address of 32-byte 
block of memory 
AL = function code 

39 Create subdirectory (MKDIR) 

Additional Call Registers 
DS:DX - address of ASCIIZ path 

name of new subdirectory 
AX = 3 if path not found 

3A Remove subdirectory (RMDIR) 

Additional Call Registers 
DS:DX - address of ASCIIZ path 
name of subdirectory 

AX = 3 if path not found 
= 5 if directory not empty 
= 15 if drive invalid 

Result Registers 
None 

Result Registers 
Carry flag - 0 if successful 

= 1 iffailed 
= 5 if access denied 

Result Registers 
Carry flag - 0 if successful 

= 1 if failed 

Note: The current directory cannot be removed. 

38 Change the current subdirectory (CHOIR) 

Additional Call Registers 
DS:DX - address of ASCIIZ path 

name of new subdirectory 

3C Create a file 

Additional Call Registers 
DS:DX = address of ASCIIZ path 

and file name 
CX = file attribute 

Result Registers 
Carry flag - 0 if successful 

= 1 if failed 
AX = 3 if path not found 

Result Registers 
Carry flag = 0 if successful 

= 1 iffailed 
AX = handle if successful 

= 3 if path not found 
= 5 if access denied 

Note: Creates a new file if filename does not exist, otherwise truncates the 
file to length zero. Opens the file for reading or writing. A 16-bit handle will 
be returned in AX if the create was successful. 
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3D Open file 

Additional Call Registers 
DS:DX - addres of ASCIIZ path 
and file name 
AL = mode flags (see below) 

Result Registers 
Carry flag - 0 if successful 

= 1 if failed 
AX = 16-bit file handle if successful 

= 1 if function number invalid 
= 2 if file not found 
= 3 if path not fou nd 
= 4 if handle not available 
= 5 if access den ied 
= OCH if access code invalid 

AL mode flag summary: 

76543210 (bits) 
000 

Result 
open for read 
open for write 
open for read/write 
reserved 

a 
1 

000 
001 
010 
all 
100 

001 
010 

a 
give others compatible access 
read/write access denied to others 
write access denied to others 
read access denied to others 
give full access to others 
file inherited by child process 
file private to current process 

3E Close file 

Additional Call Registers 
BX - file handle 

Result Registers 
Carry flag = 0 if successful 
= 1 if failed 

AX = 6 if invalid handle or file not open 

Note: All internal buffers are flushed before the file is closed. 

3F Read from file or device 

Additional Call Registers 
DS:DX = buffer address 
BX = file handle 
CX = number of bytes to read 

Result Registers 
Carry flag - 0 if successful 

= 1 iffailed 
AX = number of bytes actually read, 

= 5 if access denied 
= 6 if file not open or invalid handle 

Note: When reading from the standard device (keyboard), at most one line of 
text will be read, regardless of the value of CX. 
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40 Write to file or devi ce 

Additional Call Registers 
DS:DX = buffer address 
BX = file handle 
CX = number of bytes to write 

Result Registers __ ----;---;--__ 
Carry flag - 0 if successful 

= 1 if failed 
AX = number of bytes actually 

written if successful 
= 5 if access denied 
= 6 if file not open or invalid handle 

Note: If the carry flag is clear and AX is less than CX, a parital record was 
written or a disk full or other error was encountered. 

41 Delete file (UNLINK) 

Additional Call Registers 
DS:DX - address of ASCIIZ 

file specification 

Result Registers 
Carry flag - 0 if successful 

= 1 iffailed 
AX = 2 if file not found 

= 5 if access denied 

Note: This function cannot be used to delete a file that is read-only. First, 
change the file's attribute to 0 by using interrupt 21 call 43H, then delete the 
file. No wildcard characters can be used in the filename. This function works 
by deleting the directory entry for the file. 

42 Move file pointer (LSEEK) 

Additional Call Registers 
BX - file handle 
CX:DX = offset 
AL = 0 to move pointer offset 
bytes from start of file 
= 1 to move pointer offset 

bytes from current location 
= 2 to move pOinter offset 

bytes from end-of-file 

Result Registers __ --:--:-__ 
Carry flag - 0 if successful 
= 1 iffail 
AX = 1 if invalid function number 

= 6 if file not open or invalid handle 
DX:AX = absolute offset from start of 

file if successful 

Note: To determine file size, call with AL = 2 and offset = O. 

43 Get or set file mode (CHMOD) 

Additional Call Registers 
DS:DX - address of ASCIIZ 

file specifier 
AL = OH to get attribute 
= 1 H to set attribute 
CX = attribute if setting 
= attribute codes if 

getting (see below) 
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Result Registers 
Carry flag - 0 if successful 

= 1 iffailed 
CX = current attribute if set 
AX = 1 if invalid function number 

= 2 if file not found 
= 3 if file does not exist or 
path not found 

= 5 if attribute cannot be changed 
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43 Get or set file mode (CHMOD) (continued from previous page) 

76543210 attribute code bits 
o reserved 

o reserved 
x archive 

o directory (do not set with 43H; use extended FCB) 
o volume-label (do not set with 43H; use ext. FCB) 
x system 

x hidden 
x read-only 

44 1/0 device control (IOCTL) 

Additional Call Registers 
AL = OOH to get device info 
= 01 H to set device info 
= 02H char read device to buffer 
= 03H char write buffer to device 
= 04H block read device to buffer 
= 05H block write buffer to device 
= 06H check input status 
= 07H check output status 
= 08H test if block device changeable 
= 09H test if drive local or remote 
= OAH test if handle local or remote 
= OBH to change sharing retry count 
= OCH char device I/O control 
= ODH block device I/O control 
= OEH get map for logical drive 
= OFH set map for logical drive 
DS:DX = data buffer 
BX = file handle; CX = number of bytes 

45 Duplicate a file handle (DUP) 

Additional Call Registers 
BX = opened file handle 

Result Registers 
AX - number of bytes 

transferred if CF=O 
otherwise = error code 

Result Registers 
Carry flag = 0 if successful 

= 1 iffailed 
AX = returned handle if successful 

= 4 if no handle available 
= 6 if handle invalid or not open 

Note: The two handles will work in tandem; for example, if the file pointer of 
one handle is moved, the other will also be moved. 
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46 Force a duplicate of a handle (FORCDUP) 

Additional Call Registers 
BX - first file handle 
CX = second file handle 

Result Registers ------;-c---­
Carry flag - 0 if successful 
= 1 if failed 

AX = 4 if no handles available 
= 5 if handle invalid or not open 

Note: If the file referenced by CX is open, it will be closed first. The second 
file handle will be forced to point identically to the first file handle. The two 
handles will work in tandem; for example, if the file pointer of one handle is 
moved, the other will also be moved. 

47 Get current directory 

Additional Call Registers 
OL = drive code 
(0 = default,1 = A, ... ) 
OS:SI = address of 54-byte buffer 

Result Registers 
Carry flag = 0 if successful 
= 1 iffailed 

OS:SI = ASCIIZ path specifier 
AX = OFH if drive specifier invalid 

Note: The returned path name does not include drive information or the 
leading "\". 

48 Allocate memory 

Additional Call Registers 
BX = number of paragraphs 

49 Free allocated memory 

Additional Call Registers 
ES - segment address of block 

being released 

Note: Frees memory allocated by 48H. 
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Result Registers 
Carry flag = 0 if successful 
= 1 iffailed 

AX = points to block if successful 
= 7 if memory control blocks destroyed 
= 8 if insufficient memory 

BX = size of largest block available if failed 

Result Registers 
Carry flag - 0 if successful 
= 1 iffailed 

AX = 7 if memory control blocks destroyed 
= 9 if invalid memory block addr in ES 
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4A Modify memory allocation (SETBLOCK) 

Additional Call Registers 
ES ; segment address of block 
BX ; requested new block size 

in paragraphs 

Result Registers 
Carry flag - 0 if successful 

; 1 if failed 
BX ; max available block size 

if failed 
AX ; 7 if memory control blocks destroyed 

; 8 if insufficient memory 
; 9 if invalid memory block 

address in ES 

Note: Dynamically reduces or expands the memory allocated by a previous 
call to interrupt 21 function 48H. 

4B Load andlor execute program (EXEC) 

Additional Call Registers 
DS:DX - address of ASCIIZ path 
and filename to load 

ES:BX ; address of 
parameter block 

AL ; 0 to load and execute 
; 3 to load, not execute 

4C Terminate a process (EXIT) 

Additional Call Registers 
AL; binary return code 

Result Registers 
AX ; error code if CF not zero 

Result Registers 
None 

Note: Terminates a process, returning control to parent process or to DOS. 
A return code can be passed back in AL 

40 Get return code of a subprocess (WAIT) 

Additional Call Registers 
None 

Result Registers 
AL ; return code 
AH ; 00 if normal termination 

; 01 if terminated by ctrl-break 
; 02 if terminated by critical 
device error 

; 03 if terminated by call to 
interrupt 21 function 31 H 

Note: Returns the code sent via interrupt 21 function 4CH. The code can be 
returned only once. 
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4E Search for first match (FIND FIRST) 

Additional Call Registers 
DS:DX - address of ASCIIZ 
file specification 
CX = attribute to use in search 

Result Registers 
Carry flag - 0 if successful 
= 1 iffailed 

AX = error code 

Note: The filename should contain one or more wildcard characters. Before 
this call, a previous call to interrupt 21 function 1AH must set the address of 
the DTA. If a matching filename is found, the current DTA will be filled in as 
follows: 
Bytes 0 - 20: reserved by DOS for use on subsequent search calls 

21 : attribute found 
22 - 23: file time 
24 - 25: file date 
26 - 27: file size (least significant word) 
28 - 29: file size (most significant word) 
30 - 42: ASCIIZ file specification 

4F Search for next filename match (FIND NEXT) 

Additional Call Registers 
None 

Result Registers 
Carry flag = 0 if successful 

= 1 iffailed 
AX = error code 

Note: The current DTA must be filled in by a previous interrupt 21 4EH or 4FH 
call. The DTA will be filled in as outlined on interrupt 21 function 4E. 

50 Reserved 

51 Reserved 

52 Reserved 

53 Reserved 

54 Get verify state 

Additional Call Registers 
None 

Result Registers 
AL - 00 if verify OFF 

= 01 if verify ON 

Note: The state of the verify flag is changed via interrupt 21 function 2EH. 

55 Reserved 
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56 Rename file 

Additional Call Registers 
OS:OX - address of old ASCIIZ 
filename specification 
ES:OI = address of new ASCIIZ 
filename specification 

Result Registers 
Carry flag = 0 if successful 
= 1 iffailed 

AX = 2 if file not found 
= 3 if path or file not found 
= 5 if access denied 
= 11 H if different device in new name 

Note: If a drive specification is used, it must be the same in the old and new 
filename specifications. However, the directory name may be different, 
allowing a move and rename in one operation. 

57 Get/set file date and time 

Additional Call Registers 
AL = 00 to get 

= 01 to set 
BX = file handle 
CX = time if setting 
OX = date if setting 

Result Registers __ --;-; __ 
Carry flag = 0 if successful 

= 1 iffailed 
CX = time if getting 
OX = date if getting 
AX = 1 if function code invalid 
= 6 if handle invalid 

Note: The file must be open before the interrupt. The format of date and time is: 

TIME: 
Bits OBH-OFH hours (0-23) 

05H-OAH minutes (0-59) 
00H-04H number of 2-
second increments (0-29) 

58 Get/set allocation strategy 

Additional Call Registers 
AL = 00 to get strategy 
= 01 to set strategy 
BX = strategy if setting 

00 if first fit 
01 if best fit 
02 if last fit 

59 Get extended error information 

DATE: 
Bits 09H-OFH year (re1.19S0) 

05H-OSH month (0-12) 
00H-04H day (0-31) 

Result Registers 
Carry flag = 0 if successful 

= 1 if failed 
AX = strategy if getting 

= error code if setting 

Additional Call Registers R"'es"'u"'lt'-.!R.."e"'g.,.is".t"'er"'s'--_-,-__ _ 
BX = 00 AX = extended error code 

(see Table 0-1 ) 
BH = error class 
BL = suggested remedy 
CH = error locus 

Warning! This function destroys the contents of registers CL, OX, SI, 01, BP, 
OS, and ES. Error codes will change with future version of ~OS. 
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5A Create temporary file 

Additional Call Registers 
DS:DX - address of ASCIIZ path 
CX = file attribute 
(00 if normal, 01 if read-only, 
02 if hidden, 04 if system) 

Result Registers 
Carry flag = 0 if successful 
= 1 iffailed 
AX = handle if successful 
= error code if failed 
DS:DX = address of ASCIIZ path 

specification if successful 

Note: Files created with this interrupt function are not deleted when the 
program terminates. 

58 Create new file 

Additional Call Registers 
DS:DX - address of ASCIIZ 
fi Ie specification 
CX = file attribute 
00 if normal 
01 if read-only 
02 if hidden 
04 if system 

Result Registers 
Carry flag - 0 if successful 
= 1 if failed 
AX = file handle if successful 
= error code if failed 

Note: This function works similarly to interrupt 21 function 3CH; however, 
this function fails if the file already exists, whereas function 3CH truncates the 
file to length zero. 

5C Control record access 

Additional Call Registers 
AL = 00 to lock ,= 01 to unlock 
BX = file handle 
CX:DX = region offset 
SI:DI = region length 

Result Registers 
Carry flag = 0 if successful 
= 1 iffailed 
AX = error code 

Note: Locks or unlocks records in systems that support multitasking or 
networking. 

50 Reserved 
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SE 00 Get machine name 

Additional Call Registers 
DS:DX = address of buffer 

Result Registers 
Carry flag = 0 if successful 
= 1 if failed 
CH = 0 if name undefined 

" 0 if name defined 
CL = NETBIOS number if successful 
DS:DX = address of identifier if successful 
AX = error code 

Note: Returns a 15-byte ASCIIZ string computer identifier. 

SE 02 Set printer setup 

Additional Call Registers 
BX - redirection list index 
CX = setup strength length 
DS:SI = address of setup string 

Result Registers 
Carry flag - 0 if successful 
= 1 if failed 

AX = error code 

Note: This function specifies a string that will precede all files sent to the 
network printer from the local node in a LAN. Microsoft Networks must be 
running in order to use this function. 

SE 03 Get printer setup 

Additional Call Registers 
BX - redirection list index 
ES:DI = address of buffer 

SF 02 Get redirection list 

Additional Call Registers 
BX - redirection list index 
DS:SI = address of 16-byte 
device name buffer 

ES:DI = address of 128-byte 
netword name buffer 

Result Registers 
Carry flag - 0 if successful 

= 1 if failed 
AX = error code 
CX = length of setup string 
ES:DI = setup string if successful 

Result Registers 
Carry flag - 0 if successful 
= 1 iffailed 
BH = device status flag 
bit 1 = 0 if valid device 

= 1 in invalid device 
BL = device type 
CX = parameter value 
DS:SI = addr. ASCIIZ local device name 
ES:DI = addr. ASCIIZ network name 
AX = error flag 
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5F 03 Redirect device 

Additional Call Registers 
BL - device type 
03 printer 
04 drive 

Result Registers 
Carry flag - 0 if successful 
= 1 iffailed 
AX = error code 
CX = caller value 
DS:SI = address of ASCIIZ 
local device name 

ES:DI = address of ASCIIZ 
network name 

Note: Used when operating under a LAN, this function allows you to add 
devices to the network redirection list. 

5F 04 Cancel redirection 

Additional Call Registers 
DS:SI - address of ASCIIZ 
local device name 

Result Registers 
Carry flag = 0 if successful 
= 1 if fail 
AX = error code 

Note: Used when operating under a LAN, this function allows you to delete 
devices from the network redirection list. 

60 Reserved 

61 Reserved 

62 Get PSP (program segment prefix) address 

Additional Call Registers 
None 

Result Registers 
BX - address of PSP 

A summary of the IBM error codes is given in Table D-1. 
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TABLE 0-1: Extended Error Code Information 

Code -,-
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37-49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73-79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

Error 
Invalid function number 
file not found 
path not found 
too many open files 
access denied 
invalid handle 
memory control blocks destroyed 
insufficient memory 
invalid memory block address 
invalid environment 
invalid format 
invalid access code 
invalid data 
unknown unit 
invalid disk drive 
attempt to remove current directory 
not same device 
no more files 
attempt to write on write-protected diskette 
unknown unit 
drive not ready 
unknown command 
data error (CRG) 
bad request structure length 
seek error 
unknown media type 
sector not found 
printer out of paper 
write fault 
read fault 
general failure 
sharing violation 
lock violation 
invalid disk change 
FCB unavailable 
sharing buffer overflow 
reserved 
network request not supported 
remote computer not listening 
duplicate name on network 
network name not found 
network busy 
network device no longer exists 
net BIOS command limit exceeded 
network adapter hardware error 
incorrect response from network 
unexpected network error 
incompatible remote adapter 
print queue full 
not enough space for print file 
print file was deleted 
network name not found 
access denied 
network device type incorrect 
network name not found 
network name limit exceeded 
net BIOS session limit exceeded 
temporarily paused 
network request not accepted 
print or disk redirection is paused 
reserved 
file exists 
reserved 
cannot make directory entry 
fail on INT 24 
too many redirections 
duplicate redirection 
invalid password 
invalid parameter 
network device fault 

Reprinted by permission from "IBM Disk Operating System Technical Reference" c. 1987 by International Busi­
ness Machines Corporation. 
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SECTION 0.2: MOUSE INTERRUPTS 33H 

Mouse interrupts are covered in Section 2 of Chapter 5. The following is a 
partial list of commonly used functions of the mouse handler interrupt, 33H. This 
interrupt is loaded into the system with the mouse interrupt handler, which is loaded 
upon reading the "device=" directive in the CONFIG.SYS file. 

AX Function of INT 33H 

00 Initialize the mouse 

Additional Call Registers 
None 

Resu~ Registers 
AX = OH if mouse not available 

= FFFFH if mouse available 
BX = number of mouse buttons 

Note: This function is called only once to initialize the mouse. If mouse support 
is present, AX=FFFFH and the mouse driver is initialized, the mouse pOinter is 
set to the center of the screen and concealed. 

01 Display mouse pointer 

Additional Call Registers Resu~ Registers 
None None 

Note: This function displays the mouse pointer and cancels any excusion area. 

02 Conceal mouse pointer 

Additional Call Registers Resu~ Registers 
None None 

Note: This function hides the mouse pointer but the mouse driver monitors its 
position. Most programs issue this command before they terminate. 

03 Get mouse location and button status 

Additional Call Registers 
None 

Resu~ Registers 
BX=mouse button status 

bit 0 -- left button 
bit 1 -- right button 
bit 2 -- center button 
=0 if up; =1 if down 

CX = horizontal position 
DX = vertical posnion 

Note: The horizontal and vertical coordinates are retumed in pixels. 

04 Set mouse pOinter location 

Addnional Call Registers 
CX = horizontal position 
DX = vertical position 

Resu~ Registers 
None 

Note: The horizontal and vertical coordinates are in pixels. Will display the 
mouse pOinter only within set limits; will not display in exclusion areas. 
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05 Get button press information 

Additional Call Registers 
BX-button: 0 for left; 

1 for right; 2 for center 

Resu~ Registers 
AX=button status 

bit 0 -- left button 
bit 1 -- right button 
bit 2 -- center butten 
=0 if up; =1 if down 

BX = button press count 
CX=horizontal posttion 
DX=vertical position 

Note: This returns the status of all buttons as well as the number of presses 
for the button indicated in BX when called. The position of the mouse pointer 
is given in pixels and represents the position at the last button press. 

06 Get button release infonmation 

Additional Call Registers 
BX=button: 0 for left; 

1 for right; 2 for center 

Result Registers 
AX-button status 

bit 0 -- left button 
bit 1 -- right button 
bit 2 -- center button 
=0 if up; = 1 if down 

BX = button release count 
CX=horizontal posttion 
DX=vertical position 

Note: This returns the status of all buttons as well as the number of releases 
for the button indicated in BX when called. The posttion of the mouse pointer 
is given in pixels and represents the position at the last button release. 

07 Set horizontal limits for mouse pointer 

Addttional Call Registers 
CX-minimum horizontal position 
DX=maximum horizontal position 

Resu~ Registers 
None 

Note: This sets the horizontallimtts (in pixels) for the mouse pointer. 
After this call, the mouse will be displayed within these limits. 

08 Set vertical limits for mouse pointer 

Addttional Call Registers 
CX=minimum vertical position 
DX=maximum vertical position 

Resu~ Registers 
None 

Note: This sets the vertical limits (in pixels) for the mouse pointer. 
After this call, the mouse will be displayed within these limits. 
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AX Function of INT 33H 

10 Set mouse pointer exclusion area 

Additional Call Registers 
CX=upper left horizontal coordinate 
DX=upper left vertical coordinate 
SI=lower right horizontal coordinate 
DI=lower right vertical coordinate 

Resutt Registers 
None 

Note: This defines an area in which the mouse pointer will not display. 
An exclusion area can be cancelled by calling functions 00 or 01. 

24 Get mouse information 

Additional Call Registers 
None 

Resutt Registers 
BH-major version 
BL=minor version 
CH=mouse type 
CL=IRQ number 

Note: This returns the version number (e.g., version 7.5: BH=7,BL=5). 
Mouse type: 1 for bus; 2 for serial; 3 for InPort; 4 for PS/2; 5 for HP; 
IRQ=O for PS/2; otherwise=2, 3, 4, 5 or 7. 
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APPENDIX E: BIOS INTERRUPTS 

This appendix covers the most commonly used BIOS interrupts. INT lOH 
is used extensively for graphics programming. INT 11 H returns the equipment 
configuration and INT 12H returns the memory size. INT 14H is used for asynchro­
nous communication. Two functions ofINT 15H are included: one to initiate a wait 
and another to return extended memory size. INT 16H is used for the keyboard and 
INT 17H for the printer. INT lAH handles the timer and RTC. 

SECTION E.1: INT 10H VIDEO FUNCTION CALLS 
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AH Function 

00 Set video mode 

Additional Call Registers Result Registers 
AL - video mode None 

See Table E-2 for a list of available video modes and their definition. 

01 Set cursor type 

Additional Call Registers 
CH - beginning line of cursor 
(bits 0 - 4) 
CL = ending line of cursor 
(bits 0 - 4) 

Result Registers 
None 

Note: All other bits should be set to zero. The blinking of the cursor is 
hardware controlled. 

02 Set cursor position 

Additional Call Registers 
BH - page number 
DH = row 
DL= column 

Result Registers 
None 

Note: When using graphics modes, BH must be set to zero. Text coordinates 
of the upper left-hand corner will be (0,0). 

03H Read cursor position and size 

Additional Call Registers 
BH - page number 

Result Registers 
CH - beginning line of cursor 
CL = ending line of cursor 
DH = row 
DL = column 

Note: When using graphics modes, BH must be set to zero. 
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AH Function 

04H Read light pen position 

Additional Call Registers 
None 

05H Select active display page 

Additional Call Registers 
AL - page number 
(see Table E-1 below) 

Result Registers 
AH = 0 if light pen not triggered 
= 1 if light pen triggered 
BX = pixel column 
CH = pixel row (modes 04H - 06H) 
CX = pixel row (modes ODH - 13H) 
DH = character row 
DL = character column 

Result Registers 
None 

Table E-1: Display Pages for Different Modes and Adapters 

Mode Pages Adapters 
OOH 0-7 CGA EGA MCGA VGA 
01H 0-7 CGA EGA MCGA VGA 
02H 0-3 CGA 

0-7 EGA MCGA VGA 
03H 0-3 CGA 

0-7 EGA MCGA VGA 
07H 0-7 EGA VGA 
ODH 0-7 EGA VGA 
OEH 0-3 EGA VGA 
OFH 0-1 EGA VGA 
10H 0-1 EGA VGA 

All other mode-adapter combinations support only one page. 

06 Scroll window up 

Additional Call Registers 
AL - number of lines to scroll 
BH = display attribute 
CH = y coordinate of top left 
CL = x coordinate of top left 
DH = y coordinate of lower right 
DL = x coordinate of lower right 

Result Registers 
None 

Note: If AL = 0, the entire window is blank. Otherwise, the screen will be 
scrolled upward by the number of lines in AL. Lines scrolling off the top of 
the screen are lost, blank lines are scrolled in at the bottom according to the 
attribute in BH. 
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AH Function 

07 Scroll window down 

Additional Call Registers 
AL - number of lines to scroll 
BH = display attribute 
CH = Y coordinate of top left 
CL = x coordinate of top left 
DH = Y coordinate of lower right 
DL = x coordinate of lower right 

Result Registers 
None 

Note: If AL = 0, the entire window is blank. Otherwise, the screen will be 
scrolled down by the number of lines in AL. Lines scrolling off the bottom of 
the screen are lost, blank lines are scrolled in at the top according to the 
attribute in BH. 

08 Read character and attribute at cursor position 

Additional Call Registers 
BH = display page 

Result Registers 
AH = attribute byte 
AL = ASCII character code 

09 Write character and attribute at cursor position 

Additional Call Registers 
AL - ASCII character code 
BH = display page 
BL = attri bute 
CX = number of characters to write 

Result Registers 
None 

Note: Does not update cursor position. Use interrupt 10 Function 2 to set 
cursor position. 

OA Write character at cursor position 

Additional Call Registers 
AL - ASCII character code 
BH = display page 
BL = graphic color 
CX = number of characters to write 

Result Registers 
None 

Note: Writes character(s) using existing video attribute. Does not update 
cursor position. Use interrupt 10 Function 2 to set cursor position. 
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AH Function 

OB Set color palette 

Additional Call Registers 
BH - OOH to set border or 
background colors 
= 01 H to set palette 
BL = palette/color 

Result Registers 
None 

Note: If BH = OOH and in text mode, this function will set the border color 
only. If BH = OOH and in graphics mode, this function will set background 
and border colors. If BH = 01H, this function will select the palette. In 320 
x 200 four-color graphics, palettes 0 and 1 are available: 

Pixel Colors for Palettes 0 and 1 

Pixel Palette 0 
0 background 
1 green 
2 red 
3 brown/yellow 

OC Write pixel 

Additional Call Registers 
AL - pixel value 
CX = pixel column 
OX = pixel row 
BH = page 

Palette 1 
background 
cyan 
magenta 
white 

Result Registers 
None 

Note: Coordinates and pixel value depend on the current video mode. 
Setting bit 7 of AL causes the pixel value in AL to be XORed with the current 
value of the pixel. 

00 Read pixel 

Additional Call Registers 
CX - pixel column 
OX = pixel row 
BH = page 

OE TIY character output 

Additional Call Registers 
AL - character 
BH = page 
BL = foreground color 

Result Registers 
AL - pixel value 

Result Registers 
None 

Note: Writes character to the display and updates cursor position. TIY mode 
indicates minimal character processing. ASCII codes for bell, backspace, 
linefeed, and carriage return are translated into the appropriate action. 
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AH AL Function 

OF Get video mode 

Additional Call Registers 
None 

Result Registers 
AH = width of screen in characters 
AL = video mode 
BH = active display page 

Note: See Table E-2 for a list of possible video modes. 

1000 SubFunctlon OOH: set palette register to color correspondence 

Additional Call Registers 
AL- OOH 
BH = color 
CL = palette register 
(OOH to OFH) 

Result Registers 
None 

1001 SUbFunction 01H: set border color 

Additional Call Registers Result Registers 
AL- 01H None 
BH = border color 

1002 SubFunction 02H: set palette and border 

Additional Call Registers 
AL=02H 
ES:DX = address of color list 

13 Write String 

Additional Call Registers 
AL - write mode 

=OOH, attribute in BL, 
cursor not moved 

=01 H, attribute in BL, 
cursor moved 

=02H,attributes follow char, 
cursor not moved 

= 03H, attributes follow char, 
cursor moved 

ES:BP = address of string 
CX = character count 
DH = initial row position 
DL = intial column position 
BH = page 

Result Registers 
None 

Result Registers 
None 

Note: For AL = 00 and 01, the string consists of characters only, which will 
all be displayed with the attribute in BL. For AL = 02 and 03, the data is 
stored with the attributes (char, attrib, char, attrib, and so on). 
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Table E-2: Video Modes and Their Definition 

Char Textl Max Bu ffer 
AL Pixels Characters box ~ Colors AadQter ~ start 
OOH 320x200 40 x 25 8x8 text 16 * CGA 8 B8000h 

320x350 40 x 25 8x14 text 16 * EGA 8 B8000h 
360x400 40 x 25 9x16 text 16 * VGA 8 B8000h 
320x400 40 x 25 8x16 text 16 * MCGA 8 B8000h 

01H 320x200 40 x 25 8x8 text 16 CGA 8 B8000h 
320x350 40 x 25 8x14 text 16 EGA 8 B8000h 
360x400 40 x 25 9x16 text 16 VGA 8 B8000h 
320x400 40 x 25 8x16 text 16 MCGA 8 B8000h 

02H 640x200 80 x 25 8x8 text 16 * CGA 8 B8000h 
640x350 80 x 25 8x14 text 16 * EGA 8 B8000h 
720x400 80 x 25 9x16 text 16 * VGA 8 B8000h 
640x400 80 x 25 8x16 text 16 * MCGA 8 B8000h 

03H 640x200 80 x 25 8x8 text 16 CGA 8 B8000h 
640x350 80 x 25 8x14 text 16 EGA S B8000h 
720x400 80 x 25 9x16 text 16 VGA S B8000h 
640x400 SO x 25 Sx16 text 16 MCGA 8 BSOOOh 

04H 320x200 40 x 25 8xS graph 4 CGA 1 BSOOOh 
320x200 40 x 25 8x8 graph 4 EGA 1 BSOOOh 
320x200 40 x 25 8x8 graph 4 VGA 1 BSOOOh 
320x200 40 x 25 8xS graph 4 MCGA 1 B8000h 

05H 320x200 40 x 25 SxS graph 4 * CGA 1 BSOOOh 
320x200 40 x 25 Sx8 graph 4 * EGA 1 BSOOOh 
320x200 40 x 25 Sx8 graph 4 * VGA 1 BSOOOh 
320x200 40 x 25 8x8 graph 4 * MCGA 1 BSOOOh 

06H 640x200 SO x 25 8x8 graph 2 CGA 1 BSOOOh 
640x200 SO x 25 8xS graph 2 EGA 1 BSOOOh 
640x200 SO x 25 SxS graph 2 VGA 1 BSOOOh 
640x200 80 x 25 Sx8 graph 2 MCGA 1 BSOOOh 

07H 720x350 80 x 25 9x14 text mono MDA S BOOOOh 
720x350 80 x 25 9x14 text mono EGA 4 BOOOOh 
720x400 80 x 25 9x16 text mono VGA S BOOOOh 

08H reserved 
09H reserved 
OAH reserved 
OBH reserved 
OCH reserved 
ODH 320x200 40 x 25 Sx8 graph 16 EGA 2/4 AOOOOh 

320x200 40 x 25 8x8 graph 16 VGA S AOOOOh 
OEH 640x200 SO x 25 8xS graph 16 EGA 1/2 AOOOOh 

640x200 SO x 25 SxS graph 16 VGA 4 AOOOOh 
OFH 640x350 SO x 25 9x14 graph mono EGA 1 AOOOOh 

640x350 80 x 25 Sx14 graph mono VGA 2 AOOOOh 
10H 640x350 80 x 25 Sx14 graph 4 EGA 1/2 AOOOOh 

640x350 SO x 25 Sx14 graph 16 VGA 2 AOOOOh 
llH 640x480 SO x 30 8x16 graph 2 VGA 1 AOOOOh 

640x4S0 SO x 30 Sx16 graph 2 MCGA 1 AOOOOh 
12H 640x4S0 SO x 30 Sx16 graph 16 VGA 1 AOOOOh 
13H 320x200 40 x 25 SxS graph 256 VGA 1 AOOOOh 

320x200 40 x 25 SxS graph 256 MCGA 1 AOOOOh 

* color burst off 
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SECTION E.2: INT 11H -- EQUIPMENT DETERMINATION 

Get equipment configuration 

Call Registers 
None 

Result Registers 
AX = equipment code (see below) 

Note: BIOS data area 40:10 is set during POST according to the equipment 
code word, which shows the optional equipment that is attached to the 
system. 

Equipment Code Word 

rd15 d14Td1:JTd1:/Td1iTd1Ofd9 Tdsld7 dB Id5 d4 Id3 Id21d1 1dO I 

L,.J I ,-

Initial Video Mode 
00 = Reserved 
01 = 40><25 color 
10 = 80><25 color 
11 = 80x25 monochrome 

L~ L,J 

Number of Floppy Drives 
00 = 1 drive 
01 = 2 drives 

floppy disk drive installed 

math coprocessor installed 

pointing device installed 

not used 

initial video mode (see below) 

floppy drives (see below) 

not used 

number RS-232 cards 

not used 

intermal modem installed 

number printers installed 

SECTION E.3: INT 12H -- MEMORY SIZE DETERMINATION 

930 

Get Conventional Memory Size 

Call Registers 
None 

Result Registers 
AX = memory size (KB) 

Note: Returns amount of conventional memory available to DOS and 
application programs. 
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SECTION E.4: INT 14H --ASYNCHRONOUS COMMUNICATION 

AH Function 

00 Initialize COM Port 

Additional Call Registers 
AL = parameter (see below) 
DX = port number (0 if COM1, 

1 if COM2, etc.) 

Result Registers 
AH = port status (see below) 
AL = modem status (see below) 

Note 1: The parameter byte in AL is defined as follows 

76543210 
xxx 

xx 
x 

xx 

Indicates 
Baud rate (000=110, 001-150, 
010=300,011=600,100=1200, 
101=2400, 110=4800, 111=9600) 
Parity (01=odd, 11=even, xO=none) 
Stop bits (0 = 1, 1 = 2) 
Word length (10=7 bits, 11=8 bits) 

Note 2: The port status returned in AH is defined as follows 

76543210 
1 

1 
1 

1 
1 

1 
1 

1 

Indicates 
TImed-out 
Transmit shift register empty 
Transmit holding register empty 
Break detected 
Framing error detected 
Parity error detected 
Overrun error detected 
Received data ready 

Note 3: The modem status returned in AL is defined as follows 

76543210 
1 

1 
1 

1 
1 

1 
1 

1 

Indicates 
Received line signal detect 
Ring indicator 
DSR (data set ready) 
CTS (clear to send) 
Change in receive line signal detect 
Trailing edge ring indicator 
Change in DSR status 
Change in CTS status 
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AH Function 

01 Write character to COM Port 

Additional Call Registers 
AL = character 
OX = port number (0 if COM1, 

1 if COM2, etc.) 

Result Registers 
AH bit 7 -0 if successful, 1 if not 
AH bits 0 - 6 = status if successful 
AL = character 

Note: The status byte in AH, bits 0 - 6, after the call is as follows 

6543210 
1 

1 
1 
1 

1 
1 

1 

02 Read character from COM Port 

Additional Call Registers 
OX = port number (0 if COM 1, 

1 if COM2, etc.) 

Indicates 
Transmit shift register empty 
Transmit holding register empty 
Break detected 
Framing error detected 
Parity error detected 
Overrun error detected 
Receive data ready 

Result Registers 
AH bit 7 =0 if successful, 1 if not 
AH bits 0 - 6 = status if successful 
AL = character read 

Note: The status byte in AH, bits 1 - 4, after the call is as follows 

4321 
1 

1 
1 
1 

03 Read COM Port Status 

Additional Call Registers 
OX = port number (0 if COM1, 

1 if COM2, etc.) 

Indicates 
Break detected 
Framing error detected 
Parity error detected 
Overrun error detected 

Result Registers 
AH =port status 
AL =modem status 

Note: The port status and modem status returned in AH and AL are the same 
format as INT 14H function OOH, described above. 
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AH Function 

04 Extended Initialize COM Port 

Additional Call Registers 
AL = OOH (break), 01 H (no break) 
OX = port number (0 if COM1, 

1 if COM2, etc.) 
BH = parity 

= OOH none 
= 01H odd 
= 02H even 
= 03H stick parity odd 
= 04H stick parity even 

BL = stop bits 
= OOH (one stop bit) 
= 01 H (1.5 bits for 5-bit word) 
= 01 H (2 bits for> 5-bit word) 

CH = word length 
= OOH 5-bit 
= 01H 6-bit 
= 02H 7-bit 
= 03H 8-bit 

CL = baud rate 
= OOH 110 baud 
= 01H 150 baud 
= 02H 300 baud 
= 03H 600 baud 
= 04H 1200 baud 
= 05H 2400 baud 
= 06H 4800 baud 
= 07H 9600 baud 
= 08H 19200 baud 

05 Extended COM Port Control 

Additional Call Registers 
AL = OOH (read control register), 

= 01 H (write to control register) 
OX = port number (0 if COM 1, 

1 if COM2, etc.) 
BL = Modem control register 

(see Figure 9-14) 
bits 7 - 5: reserved 
bit 4: loop 
bit 3: out2 
bit 2: out1 
bit 1: RTS 
bit 0: OTR 

Result Registers 
AH = port status (see function AH=O) 
AL = modem status (see function AH=O) 

Result Registers 
If read subfunction, 

BL = modem control register 
If write subfunction, 

AL = modem status (see Figure 9-16) 
AH = line status (see Figure 9-15) 

Note: Subfunction AL = OOH returns the modem control register contents in 
BL. Subfunction AL = 01 H writes the contents of BL into the modem control 
register and returns modem and line status register contents in AL and AH. 
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SECTION E.5: INT 15H - SYSTEM SERVICES 

AH Function 

86H Wait 

Additional Call Registers 
CX:DX time to wait in ms 

Result Registers 
CF = 0 for successful wait 

= 1 if wait not performed 

Note: The duration of the wait will always be a multiple of 976 microseconds. 

88H Extended memory size determination 

Additional Call Registers Result Registers 
None AX - extended memory (KB) 

Note: Returns the amount of installed extended memory in KB, that is, the 
memory beginning at address 1 OOOOOH, as determined by the POST. If DOS 
memory management is in control, 0 will be returned in AX even if you have 
extended memory. 

SECTION E.6: INT 16H -- KEYBOARD 
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AH Function 

OOH Keyboard read 

Additional Call Registers 
None 

Result Registers 
AH = key scan code 
AL = ASCII char 

Note: Reads one character from the keyboard buffer and updates the head 
pointer. 

01 H Get keyboard status 

Additional Call Registers 
None 

Result Registers 
If no key waiting, 

ZF = 1. 
If key waiting, 

ZF = 0, 
AH = key scan code, 
AL = ASCII char. 

Note: If a key is waiting, the scan code and character are returned in AH and 
AL, but the head pointer of the keyboard buffer is not updated. 
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AH Function 

02H Get shift status 

Additional Call Registers 
None 

Result Registers 
AL - status byte 

bit 7: Insert pressed 
bit 6: Caps Lock pressed 
bit 5: Num Lock pressed 
bit 4: Scroll Lock pressed 
bit 3: Alt pressed 
bit 2: Ctrl pressed 
bit 1: Left Shift pressed 
bit 0: Right Shift pressed 

Note: The keyboard status byte returned in AL indicates whether certain keys 
have been pressed. If the bit = 1, the key has been pressed. 

03H Set typematic rate 

Additional Call Registers 
AL= 05H 
BH = repeat delay (see below) 
BL = repeat rate (see below) 

Result Registers 
None 

Note: Sets the rate at which repeated keystrokes are accepted. 
The delay value in BH can be OOH (for 250). 01 H (for 500). 02H (for 750). 
or 03H (for 1000). All values are in milliseconds. The repeat rate in BL 
represents the number of characters per second. Options are: 

OOH: 30.0 
01H:26.7 
02H: 24.0 
03H: 21.8 
04H: 20.0 
05H: 18.5 
06H: 17.1 
07H: 16.0 
08H: 15.0 
09H: 13.3 
OAH: 12.0 

OSH: 10.9 
OCH: 10.0 
ODH: 9.2 
OEH: 8.6 
OFH: 8.0 
10H: 7.5 
11H:6.7 
12H: 6.0 
13H 5.5 
14H: 5.0 
15H: 4.6 

10H Extended keyboard read 

Additional Call Registers 
None 

16H: 4.3 
17H: 4.0 
18H: 3.7 
19H: 3.3 
1AH: 3.0 
1SH: 2.7 
1CH: 2.5 
1DH: 2.3 
1EH: 2.1 
1FH: 2.0 
20H to FFH - reserved 

Result Registers 
AH = key scan code 
AL = ASCII char 

Note: Used in place of INT 16H function OOH to allow program to detect F11. F12. 
and other keys of the extended keyboard. After the read, the head pointer of the 
keyboard buffer is updated. 
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AH Function 

11 H Extended keyboard status 

Additional Call Registers 
None 

Result Registers 
If no key waiting, 

ZF = 1. 
If key waiting, 

ZF =0, 
AH = key scan code, 
AL = ASCII char. 

Note: This function is used instead of INT 16H function 01 H so that 
programs can detect keys of the extended keyboard such as Fll and F12. 
If a key is waiting, the scan code and character are returned in AH and 
AL, but the head pointer of the keyboard buffer is not updated. 

12H Extended shift status 

Additional Call Registers 
None 

Result Registers 
AL - shift status 

bit 7: Insert locked 
bit 6: Caps Lock locked 
bit 5: Num Lock locked 
bit 4: Scroll Lock locked 
bit 3: Alt pressed 
bit 2: Clrl pressed 
bit 1: Left Shift pressed 
bit 0: Right Shift pressed 

AH = extended shift status 
bit 7: SysRq pressed 
bit 6: Caps Lock pressed 
bit 5: Num Lock pressed 
bit 4: Scroll Lock pressed 
bit 3: Right Alt pressed 
bit 2: Right Ctrl pressed 
bit 1: Left Alt pressed 
bit 0: Left Ctrl pressed 

Note: The keyboard status bytes returned in AL and AH indicate whether 
certain keys have been pressed. If the bit = 1, the key has been pressed. 
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SECTION E.7: INT 17H -- PRINTER 

AH Function 

OOH Print character 

Additional Call Registers 
AL - character to print 
OX = printer (0 for LPT1, 

1 for LPT2, 2 for LPT3) 

01 H Initialize printer port 

Additional Call Registers 
OX = printer (0 for LPT1, 

1 for LPT2, 2 for LPT3) 

02H Read status 

Additional Call Registers 
OX - printer (0 for LPT1 , 

1 for LPT2, 2 for LPT3) 

Result Registers 
AH - status 

bit 7: printer not busy 
bit 6: printer acknowledge 
bit 5: out of paper 
bit 4: printer selected 
bit 3: 1/0 error 
bits 2-1: reserved 
bit 0: printer timed-out 

Result Registers 
AH = status (see function OOH) 

Result Registers 
AH - status (see function OOH) 

SECTION E.8: INT 1AH - TIMER AND REAL-TIME CLOCK SERVICES 

AH Function 

OOH Read system-timer time counter 

Additional Call Registers 
None 

Result Registers 
CX = high portion of count 
OX = low portion of count 
AL = 0 if 24 hours has not passed 

since last read 
> 0 if 24 has passed since last read 

Note: This function returns the number of ticks since midnight. A second is 
about 18.2 ticks. When the number of ticks indicates that 24 hours has 
passed, AL is incremented and the tick count is reset to zero. Calling this 
function resets AL so that whether 24 hours has passed can only be 
determined once a day. 
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AH Function 

01 H Set system-timer time counter 

Additional Call Registers 
CX = high portion of tick count 
DX = low portion of tick count 

Result Registers 
None 

Note: Calling this function will cause the timer overflow flag to be reset. 

02H Read real-time clock time 

Additional Call Registers 
None 

Result Registers 
CH - hours 
CL = minutes 
DH = seconds 
DL = 01 for daylight savings option 

= 00 for no option 
CF = 0 if clock operating, otherwise = 1 

Note: Hours, minutes, and seconds are returned in BCD format.This function 
is used to get the time in the CMOS time/date chip. 

03H Set real-time clock time 

Additional Call Registers 
CH = hours 
CL = minutes 
DH = seconds 
DL = 01 for daylight savings option 

= 00 for no option 

Result Registers 
None 

Note: Hours. minutes. and seconds are in BCD format. This function is used 
to set the time in the CMOS time/date chip. 

04H Read real-time clock date 

Additional Call Registers 
None 

Result Registers 
CH - century (19 or 20) 
CL = year 
DH = month 
DL = day 
CF = 0 if clock operating. otherwise = 1 

Note: Century. year, month. and day are in BCD format. This function is used 
to get the date in the CMOS time/date chip. 
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AH Function 

OSH Set real-time clock date 

Additional Call Registers 
CH = century (19 or 20) 
CL = year 
DH = month 
DL = day 

Result Registers 
None 

Note: Century, year, month, and day are in BCD format. This function is used 
to set the date in the CMOS time/date chip. 
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APPENDIX F: ASCII CODES 

Ctrl Dec Hex Ch Code Dec Hex Ch Dec Hex Ch Dec Hex Ch 

A@ 0 00 NUL 32 20 64 40 @ 96 60 , 
AA 1 01 Q SOH 33 21 ! 65 41 A 97 61 a 
AB 2 02 • STX 34 22 " 66 42 B 98 62 b 
AC 3 03 • ETX 35 23 # 67 43 C 99 63 c 
AD 4 04 • EOT 36 24 $ 68 44 D 100 64 d 
AE 5 05 '" ENQ 37 25 % 69 45 E 101 65 e 
AF 6 06 • ACK 38 26 & 70 46 F 102 66 f 
AG 7 07 • BEL 39 27 , 71 47 G 103 67 g 
AH 8 08 C BS 40 28 ( 72 48 H 104 68 h 
AI 9 09 0 HT 41 29 ) 73 49 I 105 69 i 
AJ 10 OA ~ LF 42 2A * 74 4A J 106 6A j 
AK 11 OB cr VT 43 2B + 75 4B K 107 6B k 
AL 12 OC Q FF 44 2C , 76 4C L 108 6C 1 
AM 13 OD ) CR 45 2D - 77 4D M 109 6D m 
AN 14 OE ~ SO 46 2E . 78 4E N 110 6E n 
AO 15 OF l:> SI 47 2F / 79 4F 0 111 6F 0 
Ap 16 10 ~ DLE 48 30 0 80 50 P 112 70 P 
AQ 17 11 .. DC1 49 31 1 81 51 Q 113 71 q 
AR 18 12 t DC2 50 32 2 82 52 R 114 72 r 
AS 19 13 !! DC3 51 33 3 83 53 S 115 73 5 
AT 20 14 ~ DC4 52 34 4 84 54 T 116 74 t 
AU 21 15 § NAK 53 35 5 85 55 U 117 75 u 
AV 22 16 - SYN 54 36 6 86 56 V 118 76 v 
AW 23 17 t ETB 55 37 7 87 57 W 119 77 w 
AX 24 18 t CAN 56 38 8 88 58 X 120 78 x 
Ay 25 19 • EM 57 39 9 89 59 Y 121 79 Y 
AZ 26 1A -+ SUB 58 3A : 90 5A Z 122 7A z 
A [ 27 1B ~ ESC 59 3B ; 91 5B [ 123 7B { 
A\ 28 1C ~ FS 60 3C < 92 5C \ 124 7C I 

I 
A) 29 1D ... GS 61 3D = 93 5D 1 125 7D } 
A A 30 1E ... RS 62 3E > 94 5E A 126 7E -
A 31 1F " US 63 3F ? 95 5F 127 7F (") 
- -
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APPENDIX G: 110 ADDRESS MAPS 

SECTION G.1: IBM PC AT 1/0 ADDRESS MAP 

Hex Range 

000 - 01F 
020 - 03F 
040 - 05F 
060 - 06F 
070 - 07F 
080 - 09F 
OAO - OBF 
OCO-ODF 
OFO 
OF1 
OF8 - OFF 
1FO-1F8 
200 - 207 
20C - 20D 
21F 
278 - 27F 
2BO-2DF 
2E1 
2E2 & 2E3 
2F8 - 2FF 
300 - 31F 
360 - 363 
364 - 367 
368 - 36B 
36C - 36F 
378 - 37F 
380 - 38F 
390 - 393 
3AO-3AF 
3BO - 3BF 
3CO'3CF 
3DO-3DF 
3FO - 3F7 
3F8 - 3FF 
6E2 & 6E3 
790 - 793 
AE2&AE3 
B90 - B93 
EE2 & EE3 
1390 -1393 
22E1 
2390 - 2393 
42E1 
62E1 
82E1 
A2E1 
C2E1 
E2E1 

Device 

DMA controller 1, 8237A-5 
Interrupt controller 1, 8259A, Master 
Timer, 8254-2 
8042 (keyboard) 
Real-time clock, NMI (non-maskable interrupt) mask 
DMA page register, 74LS612 
Interrupt controller 2, 8237A-5 
DMA controller 2, 8237 A-5 
Clear math coprocessor busy 
Reset math coprocessor 
Math coprocessor 
Fixed disk 
Game I/O 
Reserved 
Reserved 
Parallel printer port 2 
Alternate enhanced graphics adapter 
GPIB (adapter 0) 
Data acquisition (adapter 0) 
Serial port 2 
Prototype card 
PC network (low address) 
Reserved 
PC network (high address) 
Reserved 
Parallel printer port 1 
SDLC, bisynchronous 2 
Cluster 
Bisynchronous 1 
Monochrome display and printer adapter 
Enhanced graphics adapter 
Color/graphics monitor adapter 
Diskette controller 
Serial port 1 
Data acquisition (adapter 1) 
Cluster (adapter 1) 
Data acquisition (adapter 2) 
Cluster (adapter 2) 
Data acquisition (adapter 3) 
Cluster (adapter 3) 
GPIB (adapter 1) 
Cluster (adapter 4) 
GPIB (adapter 2) 
GPIB (adapter 3) 
GPIB (adapter 4) 
GPIB (adapter 5) 
GPIB (adapter 6) 
GPIB (adapter 7) 

Note: I/O address, hex 000 to OFF, are reserved for the system I/O board. Hex 100 to 3FF are available on the 
I/O channel. 

Reprinted by permission from "IBM Technical Reference Personal Computer AT" 
c. 1985 by International Business Machines Corporation. 
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SECTION G.2: IBM PS/2 110 ADDRESS MAP 

Hex Range 

0000 - 001 F 
0020,0021 
0040. 0042 - 0044. 0047 
0060 
0061 
0064 
0070,0071 
0081 - 0083,0087 
0089 - 008B, 008F 
0090 
0091 
0092 
0094 
0096 
OOAO - 00A1 
OOCO - OODF 
00EO,00E1 
OOFO - OOFF 
0100 - 0107 
01FO - 01F8 
0278 - 027B 
02F8 - 02FF 
0378 - 037B 
03B4, 03B5, 03BA 
03BC - 03BF 
03CO - 03C5 
03C6 - 03C9 
03CA, 03CC, 03CE, 03CF 
03D4, 03D5, 03DA 
03FO - 03F7 
03F8 - 03FF 

Device 

DMA controller (0 - 3) 
Interrupt controller (Master) 
System timers 
Keyboard, auxiliary device 
System control port B 
Keyboard, auxiliary device 
RT/CMOS and NMI mask 
DMA page registers (0 - 3) 
DMA page registers (4 - 7) 
Central arbitration control point 
Card selected feedback register 
System control port A 
System board enable/setup register 
Adapter enable/setup register 
Interrupt controller (slave) 
DMA controller (4 - 7) 
Memory encoding registers 
Math coprocessor 
Programmable option select 
Fixed disk drive controller 
Parallel port 3 
Serial port 2 (RS-232C) 
Parallel port 2 
Video subsystem 
Parallel port 1 
Video sybsystem 
Video DAC 
Video subsystem 
Video subsystem 
Diskette drive controller 
Serial port 1 (RS-232C) 

Reprinted by permission from "18M Personal SystemJ2 Hardware Interface Technical Reference" 
c. 1988 by International Business Machines Corporation. 
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SECTION G.3: ISA STANDARD 1/0 ADDRESS PORTS 

This section lists the ISA computer 110 address ports as supported by Intel's 
SL SuperSet chips. The SL SuperSet chips, the Intel 386SL and Intel 486SL, consist 
of the core processor (386 or 486) and 110 peripheral components. They support 
ISA standard peripherals. 

I/O PORT LIST 

The following pages contain descriptions of all the I/O ports supported by the SL 
SuperSet. 

Address R/W/S Description 

OH RW DMA Channel 0 base and current address 

Loaded with DMA base address and incremented as transfers take place. 
Low byte accessed after clearing byte pointer, address OOOCH. 

Upper byte loaded or read after low byte access. 

1H RW DMA Channel 0 base and current word count 

Low byte of word count. Count = value + 1 transfers. Accessed after byte 
pointer is cleared (OOOCH.) Current count is read back. 

Upper byte loaded or read after low byte access. 

2H RW DMA Channel 1 base and current address 

Loaded with DMA base address and incremented as transfers take place. 
Low byte accessed after clearing byte pointer, address OOOCH. 

Upper byte loaded or read after low byte access. 

3H RW DMA Channel 1 base and current word count 

Low byte of word count. Count = value + 1 tranfers. Accessed after byte 
pOinter is cleared (OOOCH). Current count is read back. 

Upper byte loaded or read after low byte access. 

4H RW DMA Channel 2 base and current address 

Loaded with DMA base address and incremented as tranfers take place. 
Low byte accessed after clearing byte pointer, address OOOCH. 

Upper byte loaded or read after low byte access. 

SH RW DMA Channel 2 base and current word count 

Low byte of word count. Count = value + 1 transfers. Accessed after byte 
pointer is cleared (OOOCH). Current count is read back. 

Upper byte loaded or read after low byte access. 

6H RW DMA Channel 3 base and current address 

Loaded with DMA base address and incremented as tranfers take place. 
Low byte accessed after clearing byte pointer, address OOOCH. 

Upper byte loaded or read after low byte access. 

(Reprinted by pennission of Intel Corporation, Copyright Intel Corp. 1992) 
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IJ:> 
~ 
~ 

'" ro 
intel· I/O PORT UST intel· 1/0 PORT LIST 

"5. 
il 
0-
cr" 

Add .... R/W/S DncrIpIIon Add .... R/W/S o.acrlptlon 

" "' ro 7H RW DMA Channel 3 base and current word count OBH WO Mode Register, DMA controller 1 

3 
~. 

Low byte of word count. Count = value + 1 transfers. Accessed after byte 
pointer is cleared (OOOCH). Current count is read back. 

Bits [7,6] Mode 
0,0 Demand mode 

o· , 
0 
~ 

~ 
(") 
0 -a 
§. 
o· 
? 
n 
0 

"' 

Upper byte loaded or read after low byte access. 

BH WO Command register, OMA controller ,. 

Bit 7 : DACK sense, o-ac:tIve low, l-active high 
Bit 6 : CREQ sense, o-actIve high, I-active low 
Bit 5 : late write, 1-extended write, x-if 83 = 1 
Bit 4 : O-fixed priority, 1-rotating priority 
Bit 3 : D-normal timing, 1-compressed timing 
Bit 2 : O-corItroUer enable, l-controller disable 
Bit 1 : Channel 0 address hold, Q-disable. 1-enable 
Bit 0 : Memory to Memory transfer .. Q-disable, I-enable 

0,1 Signal mode 
I,D Block mode 
1,1 cascade mode 

Bits [4-5] : Reserved 
Bits [3,2] Operation 

0,0 Verify 
0,1 Write 
I,D Read 
1,1 Reserved 

Bits {1,0] channel select 
0,0 0 
0,1 1 
1,0 2 

~. BH RO Status Register, DMA controller 1 1,1 3 

" 
~ 

Bit 7 = 1 channel 3 request 
Bit 6 = 1 channel 2 request 
Bit 5 '" 1 channell request 

OCH WO Clear byte pointer, DMA controller 1 

(") 
0 -a 

Bit 4 = 1 channel 0 request 
Bit 3 = 1 channel 3 reached TC 
Bit 2 = 1 channel 2 reached TC 

ooH WO tJlaster Clear, DMA controller 1 

ODH RO Temporary Register, DMA controller 1 
~ Bit 1 = , channell reached 1C 
~ 

.<::e 
Bit 0 = , channel 0 reached TC OEH WO Clear Mask Register, DMA controller 1 

9H WO Request Register, DMA controller 1 OFH WO Write all Mask Register Bits, DMA controller 1 

> 
"1:1 
"1:1 
t"'l 
Z 
t:I -X 

Bits 13-71 : Reserved 
Bit 2 : O-reset request bit, l-set request bit 
Bits [1,01 channel select 
0,0 0 
0,1 1 
I,D 2 
1,1 3 

20H WO Initialization Control Word ICW1, 
Interrupt Controller 1 Bits {5-7] : MCS SO/85 mode only 
Bit 4 = 1,mustbeset~ 
Bit 3 : Trigger mode, O-edge, Havel 
Bit 2 : Call address interval, 0-8, 1-4 
Bit 1 : Mode, O-cascade, 1-single 
Bit 0 : O-no ICW4 needed, l-ICW4 needed 

S? OAH WO Mask Register, DMA controller 1 
21H WO Initialization Control Word 1CW2, 

Interrupt Controller 1 -~ 0 
> 
t:I 
t:I 

~ 

Bits [3-7: : Reserved 
Bit 2 : O-clear mask bit. 1-set mask bit 
Bits [1,01 channel select 
0,0 0 
0,1 1 
I,D 2 
1,1 3 

BIts {3-7) : Interrupt type, MCS 86,88 mode 
BIts {0-2] : Reserved, MCS 80,85 mode only 

21H WO Initialization Control WOld 1CW3 (Master Device) 
Interrupt Controller 1 

Bits {0-7] : O-IR input has no slave controller 
l-IR Input has a slave controller 

'" Compressed timing and memory to memory transfer functions are not supported. 

'" 
~ 
> 
"1:1 ... A-3 

'" 



'" t""I 
(') 

intel· 1/0 PORTUST intel· 
, 

1/0 PORT LIST 

.., 
" 0 .... 
" 0 5 Z " Q. 

C'l or 
'< ... " .. 
~ . .... 

'" ~. > 0 
0 

'" g, 
~ a-

t!. Z () 

I::l 0 

> 1 ~ p 

~ () 
0 0 " '< 

> ,. 
~ I::l 

I::l ;a 
t!. 

~ () 

~ '" '" :0 
"Ii ~ 

0 ~ 

~ 
'" 

--- R/WIS -..... 
21H WO Initialization Control Word 1CW3 (Slaw Devioe) 

Interrupt Controller 1 

... [3-7) ,0 i 

Bits [2,1 ,OJ Slave 10 
0,0,0 0 
0,0,1 1 
0,1,0 2 

I 0,1,1 3 
1,0,0 4 
1,0,1 5 
1,1,0 • 1,1,1 7 

i 

21H WO Initialization Control Word ICW4, 
Interrupt Controller 1 

I 
Bits [5-7] = 0, Reserved 
Bit 4 : Fully nested mode 

o.not special, I-special 
Bits [3,2J Mode 

I 

0,0 non-buffered mode 
0,1 non-buffered mode 
1,0 slave buffered 
1,1 master buffered 

Bit 1 : End of interrupt 

I 

O-nonnal, l-automatic 
Bit 0 : O-MCS 80/85 mode 

1-8086/8088 mode 

21H RW Operation Control Word OCW1, 

I 
Interrupt Controller 1 

_ .... 
R/WIS -pilon 

22H RW CPU Power Mode Register 

Bit 15 : De-T urbo select/IOCFGOPN 
Bit 14 : 0, Reserved 
Bits [11-13J : Slow numerics option select 
Bits [9-10J : Slow CPU clock select 
Bit 8 : CPUCNFG lock 
Bit 7 : Flash Disk enable 
Bit 6 : Halt status 
Bits [4-5J : Fast CPU clock select 
Bits [2-3J : Unit 10 
Bit 1 : Unit enable 
Bit 0 : Unlock status 

23H RO Configuration Space Status Register 

Bit 7 : 82360Sl configuration open bit 
Q-open, l-dosed 

Bits (0-6J : Reserved 

24H RW Configuration Index Register 

25H RW Configuration Data Register 

40H RW Timer Counter 1 Channel 0 count. 

Load with count value and read back current count. High/Low byte selected 
from Control Register. 

41H RW Timer counter 1 Channell count. 

load with count value and read back current count. High/Low byte setected 
from Control Register. 

42H RW TilTl9f Counter 1 Channel 2 count. 

Bits {{H] : Interrupt masks 
Q-mask reset, I-mask set 

load with count value and read back current count. High/Low byte selected 
from Control Register. 

20H WO Operation Control Word OCW2, 
Interrupt Controller 1 

Bits (5-7J : EOI command 
Bits [3-4J : 0 
Bits [0-2J : interrupt request to be acted upon 

20H WO Operation Control Word OCW3, 
Interrupt Controller 1 

Bit 7 = 0, Reserved 
Bits [5-6] : Special mask 
Bit 4 - 0, Reserved 
Bit 3 - 1, Reserved 
Bit 2 - Command, O-no poll. I-poll 
Bits (1,0] Read register command 

1,0 Read interrupt request register 
1 ,1 Read interrupt in-service register 

- .. 

~ A-4 A-5 



\Q 

"" 
intel· I/O PORT LIST int:el. 1;0 PORT LIST 

Q'I 

" " 'g. Addre .. RfW/S Description Address R(WIS Description 
, 
" 43H WO Timer Counter 1 Command Register BOH R Keyboard Controller data 110 Input buffer 
0-

.r 
'0 

" a 
Bits [7,6] Function 

0,0 Select counter 0 
0,1 Select counter 1 
1,0 Select counter 2 

BOH W Keyboard Controller data 110 output buffer 

61H RO Port 61 

~: , 
0 
~ 

[ 

1,1 Read-back command 
Bits [5.41 FUnction 

0,0 Counter latch command 
0,1 Read/Wrrte least significant byte only 
1,0 Read/Write most significant byte only 
1,1 Read/Write least significant byte first, then most significant 

Bit 7 I-parity error 
Bit 6 110 channel parity error 
BitS 82C54 Timer I counter 2 output 
Bit 4 Refresh detect 

I 
Bit 3 liD parity check enable 

O-enable, I-disable 

n byte Bit 2' System parity check enable, 
0 .a 
@ 
g. 

Bits [3,2,1] Function 
0,0,0 Select Mode 0 
0,0,1 Select Mode 1 
X,I,O Select Mode 2 

O-enable, I-disable 
Bit 1 . Speaker enable, I-enable 
Bit 0 : Timer 2 gate to speaker enable 

a-disable, I-enable 
p X,l,t Select Mode 3 
n 1,0,0 Select Mode 4 61H WO Port 61 
0 
'0 
'< , 
'£-

1,0,1 Select Mode 5 
Bit 0 : O-Binary counter 16 bits 

I-Binary coded decimal counter 

Brt 7 . Reserved 
Brt 6 . Reserved 
Brt 5 . Reserved 

[ 
n 
0 .a 

48H RW Timer Counter 2 Channel 0 count. 

Load with count value and read back current count. Hign/Low byte selected 
from Control Register. 

Bit 4 . Reserved 
Bit 3 . 110 parity check enable 

O-enable, I-disable 
Bit 2 . System parity check enable, 

O-enab!e,1-disable 

:0 
~ 

!:; 
4AH RW Timer Counter 2 Channel 2 count 

Load with count value and read back current count HlghlLow byte selected 

Bit 1 Speaker enable, I-enable 
Bit a Timer 2 gate to speaker enable , 

O-disable, I-enable 

> 
from Control Register. 84H WO Keyboard Controller Command 

":I 
":I 
tol 
Z 
~ -~ 
~ --0 

4BH WO Timer Counter 2 Command Register 

I 
Bits [7,6] Function 

0,0 Select counter 0 
0,1 Select counter 1 
1,0 Select counter 2 
1,1 Read·back command 

Bits [5.4J Function 
0,0 Counter latch command 
0,1 Read/Write least significant byte only 
1,0 Read/Write most significant byte only 
1,1 Read/Wrlte least significant byte first, then most significant 

by1. 

84H RO Keyboard Controller Status 

70H WO CMOS RAM Address port and NMI Mask 

Bit 7 NMI mask, I-disable 
Bits [0-6] CMOS RAM Address 

71H RW RTC CMOS RAM data port 

74H RW Extended CMOS RAM address port (protected) 

Bit 7 Reserved 
Bits [0-6] CMOS RAM Address 

> 
~ 
~ 

~ 
00 

Bits [3,2,1] Function 
0,0,0 Select Mode a 
0,0,1 Select Mode I 
X,I,O Select Mode 2 , 

X,I,1 Select Mode 3 
1,0,0 Select Mode 4 
1,0,1 Select Mode 5 

76H RW Extended CMOS RAM data port (protected) 

80H RW Reserved 

81H RW DMA Memory Address Mapper Page Register Channel 2 

00 Bit ° -O-Blnary counter 16 bits 82H RW DMA Memory Address Mapper Page Register Channel 3 

~ 
I-Binary coded deCimal counter 

B3H RW DMA Memory Address Mapper Page Register Channell 

> --_ .. 

":I 
00 A·6 .., 



'" I:"l intel· I/O PORT LIST intel· I/O PORT LIST 

!":l ..., 1:' -0 z 1 
~ 

" 0-

W 
~ 

.. " - • 

'" 
~. 

> 5" 

'" 
, 

~ 
0 
~ 

Z ~ 
0 b' 
> i3 

::c 
a 

0 
i1. a - ? 

~ b' 0' 
> ~. 
0 g-

O a 
g;; "-

n 

'" 
0 

'" 
i3 

"1:1 '" 
0 '" ~ 

-- R/WiS --84M RW Ro_ 

85M RW R_ 

88M RW 
R ... _ 

a7M RW DMA Memory Add,. .. Mapper Page Regllter Channel 0 

88M RW R_ 

89M RW DMA Memory Addreu Mapper ". Register Channel 8 

8AH RW DMA Memory Add ..... Mapper Page Reg .... Channel 7 

88M RW DMA Memory Addrnl Mapptf Page Regl ... Channel 5 

aCM RW R_ 

OOM RW R_ 

OEM AW ROOOIVod 

aFM RW DMA Memory Add ..... Mapper Page Regi ... - Refresh 

92M Po" 92 

BItI [4-7) : ReaervlCl 

RO BIt 3: PUIWOfd HCUrity lock, '·Iocked 
Bit 2: RIMI'Y1d 

-.... R/WiS DHcrlptlon 

0A1M RW Initialization Control Word IOW3 (SlaY. Device) 
Interrupt Controiler 2 

"'[3-7[ ,0 
Bits [2,I,OJ: Slave 10 

0,0,0 0 
0,0,1 1 
0,1,0 2 
0,1,1 3 
1,0,0 4 
1,0,1 5 
1,1,0 • 1,1,1 7 

0A1M RW Initialization Control Word ICW4, 
Interrupt Controller 2 
Bits [5-7. = 0, Reserved 
Bit 4 : Fully nested mode 

o-nol special, 1-special 
."[3,2. Modo 

0,0 non-buffered mode 
0,1 non-buffered mode 
1,0 slave buffered 
1,1 master buffefed 

Bit 1 : End of Interrupt 
Q-normaJ. '-automatic 

Bit 0 : o-MCS 80/85 mode 
1-8088/8088 mode 

0A1M RW Operation Control Word OCWl , 

~ 
'" 

RW Bit 1: A20 gille, O-disabled, 1-enab1ed 

RW Bit 0: Fast CPU Relet, low to high tranaltJon 

Interrupt Controll8f' 2 

Bits [0-7] : Interrupt masks 
o-mask reset, 1-mask set 

OAOM RW Initialization Control Won:! IOW1, 
Interrupt Controller 2 

Bill {5-7J : MOS 8OJ85 mod, only 
Bit 4 - " must be Ht 

OAOM RW Operation Control Word OCW2. 
Interrupt Controller 2 

." [5-7[ , EOI command 
Bit 3 : Trigger mode, O-edge, 1-1eve1 
Bit 2 : Call addreu Interval, 0-8, 1-4 

."[3-4[ ,0 
Bits [0-21 : Interrupt request to be acted upon 

Bit 1 : Mode. O-cucIIdt, ""ngle 
Bit 0 : Q-no ICW" needed, '·IOW .. nHded OAOM RW Operation Control Word ocwa, 

Interrupt Controller 2 
0A1M RW InltiallZlllon Control Word ICW2. 

Interrupt Controller 2 Bit 7 .. D, Reeerved 
Bits [5-8] : Special mask 

Bill [3-7] : Interrupt type. MO$ 88,88 mod, 
Bits {0-2] : RIHMKf. MOS 80,85 mode only 

Bit 4 - 0, R888Ned 
Bit 3 - 1, Reserved 
Bit 2 - Command, O-no poll, 1-poll 

0A1M RW Inltiallzmlon Control Word 1CW3 (Muter DevIce) 
Interrupt Controller 2 

Bits [1,0] Read register command 
1,0 Read interrupt request register 

BIta [0-7] : Q-IR Input t'Iu no aIavt controller 
1,1 Read Interrupt in-service register 

l-IR Input hal • Slave controller 

~ A-f A·9 
....;a 



\C 
.j:;.. 
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~ 
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int'el. 1/0 PORT LIST 

intel· 1/0 PORT LIST 

, 
" 0-

Add ..... RfWlS -0" 
'< OCOH AW DMA Channel 4 base and current address Addr ... RfW/S Description 
~ 
0 

~. 
15 , 
0 
~ 

[ 
n 
0 
-a 
~ 

loaded with DMA base address and incremented as transfers take place. 
low byte accessed after clearing byte pointer, address OOOCH. 

Upper byte loaded or read after low byte access. 

OC2H AW OMA Channel 4 base and current word count 

Low byte of word count. Count = value + 1 transfers. Accessed after byte 
pointer is cleared (OOOCH.) Currant count is read back. 

Upper byte loaded or read after low byte access. 

OC4H AW DMA Channel 5 base and current address 

ODOH WO Command register, DMA controller 2* 
Bit 7 DACK sense, O-active low, I-active high 
Bft 6 : DREQ sense, O-active high, I-active low 
Brt 5: late write, I-extended write, x-if B3=1 
Bit 4; O-fixed priority, I-rotating priority 
Bit 3 : O-normal timing, I-<:ompressed timing 
Bit 2 : O-controller enable, I-controller disable 
Bit I Channel 0 address hold, 

O-disable,l-enable 
Bit 0 : Memory to Memory transfer, 

O-disable, I-enable 

1; 
? Loaded with DMA base address and incremented as transfers take place, 

ODOH AO Status Register, DMA controller 2 

n low byte acc9SS8d after clearing byte pointer, address OOOCH. Bit 7 '" 1 channel 7 request 
0 
~ 
'< 

" "" ;,-

Upper byte loaded or read after low byte access. 

OC6H AW DMA Channel 5 base and current word count 

Bit 6 '" I channel 6 request 
Bit 5 = I channel 5 request 
Bit 4 = I channel 4 request 
Bit 3 = I channel 7 reached TC 

[ 
n 

Low byte of word count. Count = value + 1 tranters. Accessed after byte 
pointer is cleared (OOOCH). Currant count is read bacK 

Bit 2 = I channel 6 reached TC 
Bit I = 1 channel 5 reached TC 
Bit 0 = 1 channel 4 reached TC 

~ Upper byte loaded or read after low byte access 
OD2H WO Request Register, DMA controller 2 

~ 
~ 

OC'H AW DMA Channel 6 base and current address 
Bits [3-71 : Reserved 

'" Loaded with DMA base addr9SS and incremented as tranfsrs take place. Bit 2 : O-reset request bit, I·set request bit 
Low byte accessed after clearing byte pointer, address OOOCH. Bits [1.01 channel select 

;..- Upper byte loaded or read after low byte access. 
0,0 4 
0,1 5 

"CI 
"CI OCAH RW DMA Channel 6 base and current word count 

1,0 6 
1,1 7 

t"l 
Z 
t:I ->< 
~ 

Low byte of word count. Count = value + I transfers. Accessed after byte 
pointer is cleared (OOOCH). Current count is read back. 

Upper byte loaded or read after low byte access. 

OCCH AW DMA Channel 7 base and current address 

Loaded with DMA base address and incremented as tranters take place. 

OO4H WO Mask Register, DMA controller 2 

Bits 13-7J . Reserved 
Bit 2 ; O-clear mask bit, I-set mask bit 
Bits [1,01 channel select 

0,0 4 --0 
Low byte accessed after clearing byte pointer, address OOOCH. 

Upper byte loaded or read after low byte access. 

0,1 5 
1,0 6 
1,1 7 

;..-
t:I 
t:I :c 

OCEH AW DMA Channel 7 base and current word count 

Low byte of word count. Count ,. value + I transfers Accessed after byte 
poInter IS cleared (OOOCHj. Current count is read back. 

- ---

·Compressed timing and memory to memory transfer functIons are not supported. 

t"l 
[Jl 

Upper byte loaded or read after low byte access. 
~-

[Jl 

~ ;..-
"CI 
[Jl 
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t"l 
~ 

.., .... 
11 0 s· 

Z " 0. 

~ " '< 
W '0 

0 .. 
~. .... 

'" > o· 
" '" 0 
~ 

~ 5' 
"-Z n 
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Add .... R/WIS Deacrlptlon 

OO6H WO Mode Register, DMA controller 2 

Bits [7,6) Mode 
0,0 Demand mode 
0,1 Signal mode 
1,0 Block mode 
1,1 Cascade mode 

Bits [4-5] ; Reserved 
Bits [3,21 Operation 

0,0 Verify 
0,1 Write 
1,0 Read 
1,1 Reserved 

Bits (I,Oj channel select 
0,0 4 
0,1 5 
1,0 6 
1,1 7 

ODSH WO Clear byte pointer, DMA controller 2 

Add .... RIW/S Description 

0102H RW Parallel Port Configuration 

Bit 7: LPT mode, O-unldirectional, 1 - bi-directional 
Bits [6,5] LPT Select 

0,0 LPT 1 
0,1 LPT 2 
1,0 LPT 3 
1,1 LPT disabled 

Bits ]0-4] : Not used 

278H RW LPT2 Data Port 

279H RO LPT2 Status Port 

Bit 7 : O-Printer Busy 
Bit 6 : O-Acknowledge 
Bit 5 : 1-0ut of paper 
Bit 4 : t -Printer is selected 
Bit 3 : G-Error 
Bits[O-2] : Not Used ,. > ~ t:I 

[ t:I 
g;J n 

0 

'" ? 

'" :g >og 
~ 0 

~ 

ODAH WO Master Clear, DMA controller 2 

OOAH RO Temporary Register, OMA controller 2 

OOCH WO Clear Mask Register, OMA controller 2 

ODEH WO Write all Mask Register Bits,DMA controller 2 

OeEH RW Special Feature Set Fast A20 Gate 

Dummy read - disable 
Dummy write - enable 

27AH RW LPT2 Control 

Bits ]6-7] : ReselVed 
Bit 5 : Diraction, PS/2 mode only 
Bit 4 : Interrupt anable, I-enable, O-disable 
Bit 3 : Select printer, I-select 
Bit 2 : Initialize printer, O-initialize 
Bit 1 : Automatic line feed, 1-automatic 
Bit 0 : Data Strobe 

27BH- RW Automatic data strobe registers 
27FH 

'" OEFH RO Special Feature Set Fast CPU Reset 2F8H RO Serial Controller Port B Receiver Buffer 

A dummy read generates a fast CPU Reset Serial Data Receive Buffer when DtAB "" 0 

OFO WO MCP Register 0 2F8H WO Serial Controller Port B Transmit holding Buffer 

A dummy write clears the numerics option busy signal. Serial Data Transmit holding Buffer when DtAB = 0 

OF4H WO Slow CPU Register 2F8H RW Serial Controller Port B Divisor latch Least Significant Byte 

A dummy write slows the CPU clock to the rate specified by the De-Turbo Clock Divisor for BAUD rate when DtAB '" 1 

bit of the CPUPWRMODE register (22H) 
2F9H RW Serial Controller Port B Divisor latch Most Significant Byte 

OF5H WO Fast CPU Register Clock Divisor for BAUD rate when DlAB = 1 

A dummy write causes the CPU clock to run at the rate specified in the Fast 
CPU clock field in the CPUPWRMODE register (22H) 2F9H RW Serial Controller Port B Interrupt Enable Register (DtAB = 0) 

OF9H WO Special Feature Set Disable 
Bits 14-71 = 0 
Bit 3 : Modem status interrupt enable 

A dummy write disables the Special feature set Bit 2 : Receiver line status interrupt enable 
Bit 1 : Transmitter holding register empty interrupt enable 

~ 
OFBH WO Special Feature Set Enable 

A dummy write enables the special feature set 

Bit 0 : Received data available interrupt enable 
1 - enable, 0 - disable 

--
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(JJ 
Q infel· 1/0 PORT LIST infel· 1/0 PORT LIST 

'" 0 

1 Addre .. R/WiS Ducrtptlon Addre •• R/W/S Description 

s. 
.:t" 2FAH RO Serial Controller Port B Interrupt Id Register 2FEH RO Serial Controller Port B MODEM Status Register 

" 0 

§ 
~ o· , 

Bits (3-71 = 0 
Bits {2, ljlnterrupt 10 

0,0 Modem status 
0,1 Transmitter hold'ng register 
, ,0 Received data available 

Bit 7 Data carrier detect 
Bit 6 . Ring indicator 
Bit 5 . Data set ready 
S14 Clear to send 
BII 3 ' Delta data carner detect 

0 
~ 

a 
"-
() 
0 

"8 
@ ". ,§ 
() 

~ ,. 
"" go 

a 
"-

1,1 Receiver line status 
Bit 0 : 0 - interrupt pending 

2FBH RW Serial Controller Port B line Control Register 

Bit 7 : 0 - Receiver buffer, transmitter 
hOlding, or interrupt enable access 
1 - Divisor latch access 

Bit 6 : Set Break, I-enable 
Bit 5 . Stick parity 
Bit 4 : Even parity select 
Bit 3 : Parity enable, I-even, D-odd 
Bit 2 : Number of stop bits 
o - 1 stop bit, 1 - if word length is 5 bits then stop bit length is 11/2 bit limes 

If word length is 6, 7. Or 8, then stop bit length is 2 bit 
times 

Bits 11-0] Bits per character 

Bit 2 : Trailing edge ring Indicator 
Bit I Delta data set ready 
Bit 0 Delta clear to send 

2FFH RW Serial Controller Port B Scralch Register 

Independent Register for General Data 

372H WO Floppy Disk Controller Dlgllal Output Register 

Bits [6-7] 0, Reserved 
Bit 5 . Motor 1 enable, I-enable 
Bit 4 , Motor a enable, 1 -enable 
Bit 3 ' Floppy disk Interrupt and DMA request enable, O-enable 
Bit 2 Floppy disk controller reset, a-reset 
Bit 1 : a, Reserved 
Bit a : Dflve select, a-drive a, I-dflve 1 

() 
0 
-a 
:0 
~ 

~ 

> 
." 
." 
tol 
Z 
I:=' .... 
~ 

9 
"::! 
0 
> 

0,0 5 
0,1 6 
1,0 7 
1,1 8 

2FCH RW Serial Controller Port B MODEM Control Register 

Bits 15-7] - Reserved 
Bit 4 ' I-loopback mode 
Bit 3 : Out2 Interrupt enable, I-enable 
Bit 2 : Outl Active, I-active 
Bit I : Request to send active, I-active 
Bit 0 : Data terminal ready, I-active 

2FOH RO Serial Controller Port B line Stalus Reglster* 

8il7,' 0 
Bit 6 Transmitter empty 
Bit 5 Transmitter holding reglsler empty 
Bil 4 , Break interrupt 
Bil 3 : Framing error 
Bit 2 Parity error 
Bit 1 Overrun error 

374H WO Floppy Disk Controller Main Status Register 

Bit 7 Data register IS ready, I-ready 

I 
Bit 6 Data I/O, I-transfer IS from controller to system 
Bit 5 . Execution mode, l-non-DMA mode 
Bit 4 . FOC busy, I-busy 
Bit 3 Drive 3 busy, I-busy , 

Bit 2 Drive 2 busy, I-busy 

I 

Brt 1 . Dflve 1 busy, I-busy 
Bit a . Drive 0 busy, I-busy 

375H RW FlOPPY Disk Controller Data Register 

376H WO Fixed Disk Register 

Brts [4-7] Reserved 
Bit 3 . a-enables reduced wflIe current 
Bit 2 . Reset fixed diSk, I-reset 
Bit I fixed disk Interrupts enable, a-enable 
Bit 0 Reserved 

377H RO Floppy Disk Controller Digital Input Register 

I:=' 
I:=' 

~ 

Bil 0 . Data ready 

« Writing to this register IS not allowed 

Bit 7 Diskette change 
Bits [1-6] Reserved 
bit 0 . High denSity select 

- - -----

'" '" :s: 
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377H WO Floppy Disk Controllar Control Register 

Bits [2-7\ : Reserved 
Bits [0,1] Data Rate 

0,0 500,000 bps 
0,1 300,000 bps 
1,0 250,000 bps 
1,1 Reserved 

378H RW LPTI Data Port 

379H RO LPTI Status 

Bit 7 : Q·Printer Busy 
Bit 6 : O-Acknowledge 
Bit 5 : I-Out of paper 
Bit 4 : I-Printer is selected 
Bit 3 : O-Error 
Bits[O-2] : Not Used 

37AH RW lPTl Control 

Bits [6-71 : Reserved 
Bit 5 : Direction, PS/2 mode only 
Bit 4 : Interrupt enable, I-enable, O-disable 
Bit 3 : Select printer, I-select 
Bit 2 '. Initialize printer, O-initialize 
Bit 1 : Automatic line feed, 1-automatic 
Bit 0 : Data Strobe 

37BH- RW Automatic data strobe r&glsters 
37FH 

3FOH RO Floppy Disk Controller Port Status Register A 
Bit 7 " Interrupt pending 
Bit 6 : Second drive, a-Installed 
Bit 5 Step 
Bit 4 Track a 
Bit 3 Head 1 select 
Bit 2 : Index 
Bit I : Write protect 
Bit ° : Data received 

3F1H RO Floppy Disk Controller Port Status Register B 

Bits [6-7J Reserved 
Bit 5 Select drive 
Bit 4 " Write data 
Bit 3 : Read data 
Bit 2 : Write enable 
Bit I : Drive 1 motor enable, I-enable 
Bit a : Drive a motor enable, I-enable 

3F2H WO Floppy Disk Controller Digital Output Register 

Bits [6-7] : 0, Reserved 
Bit 5 : Motor 1 enable, I-enable 
Bit 4 : Motor a enable, I -enable 
Bit 3 : Floppy disk interrupt and DMA request enable, a-enable 

I 
Bit 2 : Floppy disk controller reset, a-reset 
B"lt 1 : 0, Reserved 
Bit ° : Drive select, a-drive 0, l-drive I 

3F4H WO Floppy Disk Controller Main Status Register 

Bit 7 : Data register is ready, I-ready 
Bit 6: Data 110, I-transfer is from controller to system 

3BCH RW lPT3 Data Port Bit 5 : Execution mode, I-non-DMA mode 
Bit 4: FOe busy, I-busy 

3BDH RO LPT3 Status Bit 3: Drive 3 busy, I-busy 

Bit 7 : O-Printer Busy 
Bit 6 : O-Acknowledge 
Bit 5 : 1-0ut of paper 

Bit 2: Drive 2 busy, I-busy 
Bit I : Drive i busy, I-busy 
Bit 0: Drive 0 busy, i-busy 

Bit 4 : I-Printer is selected 
Bit 3 : O-Error 

3fSH RW Floppy Disk Controller Data Register 

Bits[0-2] : Not Used 'FGH WO Fixed Disk Register 

3BEH RW LPT3 Control Bits [4-7] : Reserved 

Bits [6-71 : Reserved 
Bit 5 : Direction, PS/2 mode only 
Bit 4 : Interrupt enable, I-enable, a-disable 
Bit 3; Select printer, l-select 

Bit 3 : O-enables reduced write current 
Bit 2 : Reset fixed disk, I-reset 
Bit I " fixed disk interrupts enable, a-enable 
Bit a : Reserved 

Bit 2 : Initialize printer, a-initialize 
Bit 1 "Automatic line feed, I-automatic 

3F7H RO Floppy Disk Controller Digital Input Register 

Bit a : Data Strobe Bit 7 : Diskette change 
Bits [1-6J Reserved 
bit a : High density select 
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APPENDIX H: IBM PC/PS BIOS 
DATA AREA 

This appendix lists the BIOS data area contents as provided by IBM PS/2 
Technical Reference. 

BIOS Data Area 

The BIOS Data Area is allocated specifically as a work area for 
system BIOS and adapter BIOS. The BIOS routines use 256 bytes of 
memory from absolute address hex 400 to hex 4FF. A description of 
the BIOS data area follows: 

Address Function Size 

40:00 RS~232-C Communications Une 1 Port Base Word 
Address 

40:02 RS-232-C Communications Une 2 Port Base Word 
Address 

40:04 RS-232-C Communications Line 3 Port Base Word 
Address 

40:06 RS-232-C Communications Line 4 Port Base Word 
Address 

Note: The RS-232-C communications line port base address fields may be 
initialized to 0 by the POST jf the system configuration contains less than 
four serial ports. The POST never places 0 in the RS-232-C 
communications line port base address table between two valid RS-232-C 
communications line port base addresses. 

Figure 3-1. RS-232-C Port Base Address Data Area 

Address 

40:08 
40:0A 
40:0C 
40:0E 

Exceptions 

40:0E 

Function 

Printer 1 Port Base Address 
Printer 2 Port Base Address 
Printer 3 Port Base Address 
Reserved 

Size 

Word 
Word 
Word 
Word 

Printer 4 Port Base Address (PC, PC XT, AT, and PC Word 
Convertible) 

Note: The printer port base address fields may be initialized to 0 by the POST if 
the system configuration contains less than four parallel ports. The POST 
never places 0 in the printer port base address table between two valid 
printer port base addresses. 

Figure 3-2. Printer Port Base Address Data Area 

Reprinted by pennission from "IBM Personal Systeml2 and Personal Computer BIOS Interface Technical Reference" 
c. 1987 by International Business Machines Corporation. 
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." 
." 0", Address Function Address Function Size tol --3 

Size 

Z ~::!. 
40:10 Byte t::I ~" Installed Hardware Word 40:17 Keyboard CO.nlrol 

"," ... ,<"-
>< 5"~ Bits 15.14 Number of Printer Adapters Bit 7 Insert Locked 

;;: ';'0 Bit 13 Reserved Bit 6 Caps Lock Locked 
3 " ;§ Bit 12 Reserved Bit 5 Num Lock Locked ... o ~ Bits 11,10,9 Number of RS-232-C Adapters Bit 4 Scroll Lock Locked = ~ ~. Bit 8 Reserved Bit 3 All Key Pressed 

3: E.g 
~:::> S"lts 7,6 Number of Diskette Drives (O-based) Bit 2 elrl Key Pressed 

." ~ 0 Bits 5,4 Video Mode Type (Values are Binary) Bit 1 Left Shift Key Pressed 
5"S 

("'J g -= 
Bit a Righi Shift Key Pressed 

>:a ~iii 00 = Reserved 

'" . ;:: 01 = 40x25 Color 40:18 Keyboard Control Byte 

= &'0 10 = BOx25 Color 
5'~ 11 = BOx25 Monochrome Bit 7 Insert Key Pressed ... " ~ 

0 ;;~ Bit 6 Caps Lock Key Pressed 

'" o- Bit 3 Resorved Bit 5 Num Lock Key Pressed 

t::I -§'*' 
Bit 2 Pointing Device Bit 4 Scroll Lock Key Pressed 

~ 
OJ ,; Bit 1 Math Coprocessor Bil3 Pause Locked 
<Z.~ SitO IPL Diskette Bit 2 System Request Key Pressed 

;;; ~ N Bill Left Alt Key Pressed § 

> "- Exceptions Bit 0 Left Ctrl Key Pressed 
'0 

1!l a Bit 13 Internal Modem (PC Convertible Only) 40:19 Alternate Keypad Entry Byte 
0 Sit 2 Reserved (PC, PC XT, AT, and PC ConvertIble) 40:1A Keyboard Buffer Head Pointer Word > = 
E. 40:1C Keyboard Buffer Tail Pointer Word n 
!l Note: Refer 10 INT 11H for equipment return information. 40:1E Keyboard Buffer 32 Bytes 

'0 

" ~ Figure 3-3. 
to 

System Equipment Data Area Figure 3-6. Keyboard Data Area 1 

0 
'" 
~ Address Function Size 

if 40:12 Reserved Byte 
" !f Exceptions 
[ 
0 

40:12 E. Power-On Self-Test Status (PC Convertible Only) Byte 
1:' 
<I' Figure 3-4. Miscellaneous Data Area 1 
~ 
"~ 

Address Function Size 

40:13 Memory Size in Kb (Range 0 to 640) Word 
40:15to 40:16 Reserved Byte 

\C 

l!l Figure 3-5. Memory Size Data Area 



IC 
Ut 

"'" n '" 
Address Function Size Address Function Size 

-.g 
~::J. 40:3E Recalibrate status Byte 40:49 Display Mode set Byte ~a ,," 40:4A Number of Columns Word ,<0-

-" Bit 7 Interrupt Flag 40:4C Length of Regen Buffer in Bytes Word 0'< 
,"'0 Bit 6 Reserved 40:4E Starting Address in Regen Buffer Word 
3 • Bit 5 Reserved 40:50 Cursor Position Page 1 Word ~j Bit 4 Reserved 40:52 Cursor Position Page 2 Word 
§ ~. Bit 3 Recalibrate Drive 3 40:54 Cursor Position Page 3 Word E.g Bit 2 Recalibrate Drive 2 40:56 Cursor Position Page 4 Word g:':::r Bit 1 Recalibrate Drive 1 40:58 Cursor Position Page 5 Word 
S·~ Bit 0 Recalibrate Drive 0 40:5A Cursor Position Page 6 Word 
~ ::: 40:5C Cursor Position Page 7 Word 
~tii 40:3F Motor Status Byte 40:5E Cursor Position Page 6 Word . " 40:60 Cursor Type Word g~ 
o ;l Bit 7 Write/Read Operation 40:62 Display Page Byte 
~ § Bit 6 Reserved 40:63 CRT Controller Base Address Word 
Q!;:. Bits 5.4 Diskette Drive Select Status (Values in Binary) 40:65 Current Setting of 3x8 Register Byte 
-g~ 40:66 Current Setting of 3x9 Register Byte 
t2 ;:; 00 = Diskette Drive 0 Selected 
g~ 01 = Diskette Drive 1 Selected 

Figure 3-8. Video Control Data Area 1 ON 10 = Diskette Drive 2 Selected 
§ 11 = Diskette Drive 3 Selected 
0-

" 
> ~ Bit 3 Diskette Drive 3 Motor On Status 

"C 0 Bit 2 Diskette Drive 2 Motor On Status Address Function Size "- Bit 1 Diskette Drive 1 Motor On Status "C n Bit 0 Diskette Drive 0 Motor On Status i'"l 0 40:67 Reserved DWord 
Z 3 

40:6B Reserved Byte '0 
40:40 Motor off counter Byte t::I ~ .. Exceptions >!i 5 40:41 Last Diskette Drive Operation Status Byte 

::= '" 40:67 Pointer to reset code upon system reset with DWord 
;- DOH = No Error 

memory preserved (Personal System/2 products .. '" 01H = Invalid Diskette Drive Parameter 
t:I:I W 02H = Address Mark not Found 

except Model 30). 

3: " 03H = Write-protect Error 
Reset Flag at 40:72 = 4321H 

"C 0' 04H = Requested Sector not Found 
n 

t"l ~ 
06H = Diskette Change Line Active Figure 3-9. System Data Area 1 

~ 08H = DMA Overrun on Operation 
"- 09H = Attempt to DMA Across a 64Kb Boundary 

'" '" t:I:I " OCH = Media Type not Found 

'" 10H = CRC Error on Diskette Read - <1 
0 0 20H = General Controller Failure Address Function Size 

n 
40H = Seek Operation Failed '" "~ 

t::I BOH = Diskette Drive not Ready 40:6C Timer Counter DWord 

~ 
40:70 Timer Overflow Byte 

40:42 Diskette Drive Controller Status Bytes 7 Bytes (If non 0, timer has counted past 24 hours.) 

>' 
> Figure 3-7. Diskette Drive Data Area Figure 3-10. System-Timer Data Area 

~ 
> 



;.- Address Function Size Address Function Size 
~ 
~ n", 40:71 Break Key State Byte 40:78 Printer 1 Time-out Value Byte 
t"l -iJ 40:72 Reset Flag Word 40:79 Printer 2 Time-out Value Byte 
Z ~::J. 40:7A Printer 3 Time-out Value Byte 
~ ~g 1234H = Bypass Memory Test 40:78 Reserved ,,0 ..... ","- 4321H = Preserve Memory (Personal System/2 
~ _ " ,,,, products except Model 30) Exceptions 

;; "'" 3 0 S67aH = System Suspended (PC Convertible) 
",3 9ABCH = Manufacturing Test Mode (PC 40:78 Printer 4 Time-out Value (PC, PC XT, and AT) Byle ..... o· (i;" Convertible) = ::I ~. 

• 0 ABCDH = System POST Loop Mode (PC 3: -, 
Figure 3-13. Printer Time-Out Value Data Area g;::t> Convertible) 

~ • 0 5'S 
l"'l ~ " Figure - 3: 03 3-11. System Data Area 2 
~ Address Function Size 

'" • 3: = ~!f 40:7C RS-232-C Communications line 1 Time-out Value Byte ..... ~ 0 Address Function Size 40:70 RS-232-C Communications Line 2 Time-out Value Byle 0 n~ 40:7E RS-232-C CommunIcations Line 3 Time-out Value Byte 

'" 0-

~ .g~ 40:74 Last Fixed Disk Drive Operation Status Byle 40:7F RS-232-C Communications Line 4 Time-out Value Byte 

" ->' • 0 ge. OOH = No Error 

~ ? N 01H = Invalid Function Request Figure 3-14. RS-232-C Time-Out Value Data Area 
§ 02H = Address Mark not Found ;.- "- 03H = Write Protect Error .. 

~ ~ 04H = Sector not Found Address Function Size g OSH = Reset Failed ;.- E. 07H = Drive Parameter ActiVity Failed 
n 08H = DMA Overrun on Operation 

40:80 Keyboard Buffer Start Offset Pointer Word 

~ 09H = Data Boundary Error 
40:82 Keyboard Buffer End Offset Pointer Word 

'" & OAH = Bad Sector Flag Detected 
OBH = Bad Track Detected Figure 3-15. Keyboard Data Area 2 

'" DOH = Invalid Number of Sectors on Format 
is OEH = Control Data Address Mark Detected 
'" 
~ 

OFH = DMA Arbitration Level Out of Range 
10H = Uncorrectable ECC or CRC Error Address Function Size ., 11H = ECC Corrected Data Error 

n 
20H = General Controller Failure 40:84 Number of Rows on the Screen (Minus 1) Byte 0 

g' 40H = Seek Operation Failed 40,85 Character Height (Bytes/Character) Word 

[ 80H = Time Out 40;87 Video Control States Byte 
n AAH = Drive not Ready 40:88 Video Control States Byte 
E. BBH = Undefined Error Occurred 40:89 Reserved Byle 
1:' CCH = Write Fault on Selected Drive 40:8A Reserved Byle 

'" EOH = Status Error/Error Register is 0 
~ 
~ FFH = Sense Operation Failed 

Figure 3-16. Video Control Data Area 2 
0" 40:75 Number of Fixed Disk Drives Attached Byle 

40:76 Reserved Byle 
40:77 Reserved Byle 

Exceptions 

[40,74 Reserved (18M ESDI Fixed Disk Drive Adapter/A) Byle 
I,C 40:76 Fixed Disk Drive Control (PC XT) Byle 
(II 
(II 40:77 Fixed Disk Drive Controller Port (PC XT) Byle 

Figure 3-12. Fixed Disk Drive Data Area 



Address Function Size Addres$ Function Size 

40:8B 
\Q 

Media Control Byte 40:96 Keyboard Mode State and Type Flags Byte 

fJt Bits 7,6 Last Diskette Drive Data Rate Selected (Values in Bit 7 Read iD in Progress Q\ 
0", Binary) Bit 6 Last Character was First 10 Character 
-.g Bit 5 Force Num Lock if Read JD and KBX "'" 00 = 500Kb Per Second 101/102-Key Keyboard installed ~-. Bit 4 ~g ,," 01 = 300Kb Per Second Bit 3 Right Alt Key Pressed ",0-

S"~ 10 = 250Kb Per Second Bit 2 Right Ctrl Key Pressed 
<;,,, 11 = Reserved Bill Last Code was EO Hidden Code 
~ " Bit 0 Last Code was El Hidden Code 
"j Bits 5.4 Last Diskette Drive Step Rate Selected o • 
::I ~. Bit 3 Reserved 40:97 Keyboard LED Flags Byte 
• 0 -, Bit 2 Reserved g:'::p Bit 1 Reserved Bit 7 Keyboard Transmit Error Flag .0 
9"S Bit 0 Reserved Bit 6 Mode Indicator Update 
~ = Bit 5 Resend Receive Flag 
~iil 40:8C Fixed IJisk Drive Controlier Status Byte Bit 4 Acknowledgment Received · ;:: 40:8D Fixed Disk Drive Controller Error Status Byte Bit 3 Reserved (Must be 0) 2:;;0 40:8E Fixed Disk Drive Interrupt Control Byte Bits 2,1,0 Keyboard LED State Bits , ~ 
" 0 40:8F Reserved Byte · , ()!>. 

3-18 . Keyboard Data Area 3 .a~ 40:90 Drive 0 Media State Byte Figure 
Sl ~ 40:91 Drive 1 Media State Byte · " =.~ 
~ N Bits 7,6 Diskette Drive Data Rate (Values in Binary) 

Address Function Size § 
0-

00 = 500Kb Per Second " 40:98 Offset Address to User Wait Complete Flag Word 
;.- ~ 01 = 300Kb Per Second 

40:9A Segment Address to User Wait Complete Flag Word 
." 

, 1 0 = 250Kb Per Second 
40:9C User Wait Count - Low Word (Microseconds) Word "- 11 = Reserved ." () 40:9E User Wait Count - High Word (Microseconds) Word 

t"j 0 

Z 3 Bit 5 Double Stepping Required 
40:AO Wait Active Flag Byte " ~ & Bit 4 Media Established 

~ 
Bit 3 Reserved 

Bil7 Wait Time Elapsed and Post OJ Bits 2,1,0 Drive/Media State (Values in Binary) 0 Bits 6 to 1 Reserved 

== '" 000 = 360Kb Disketle/360Kb Drive not Established Bit 0 INT 15H, AH = 86H (Wait) has Occurred 
5' - " 001 = 360Kb Diskette/1.2Mb Drive not Established 

40:Al to 40:A7 Reserved Byte 0: '" 010 = 1.2Mb Diskette/1.2Mb Drive not Established 
~ 

0 
011 = 360Kb Diskette/360Kb Drive Established " 

." ;;i 100 = 360Kb Diskette/1.2Mb Drive Established Figure 3-19. Real-Time Clock Data Area 0 
101 = 1.2Mb Diskette/1.2Mb Drive Established l"'l [ 

-a 0 110 = Reserved 
"- 111 = None of the Above r:Il '" 0: " " 40:92 Reserved Byte - ;; 

0 , 40:93 Reserved Byte 
0 

40:94 Drive 0 Current Cylinder Byte r:Il "~ 

~ 
40:95 Drive 1 Current Cylinder Byte 

~ Exceptions 

>' 
Reserved (PC, PCjr, PC XT 810S Dated 11/8/82, and Byte ;.- 40:88 to 40:95 

::c PC Convertible) 

t"j 
;.- Figure 3-17. Diskette Drive/Fixed Disk Drive Control Data Area 



== ~ l'"J :~ z = ~::I. 
"a ..... ~2. 

~ _0" 

:; ij 
..... 
1:1:1 

got;; . 

::: ~g' 

~ 
g>", 

("'l s· ~ 
>il 

g " 
~ -

'" 
;s::'" ~;S:: 

1:1:1 
g. .. 

..... ~'§ 
0 ~ 0 

'" ~~ 

=. '8~ 

~ 
" ,. 
i'~ ;I>' 

> 8-
f;l ;l' 

~ 
0 

> , 
'" ('l 
0 .g 
~ 
~ 
'" 
~ 
w 
0 

g' 
[ 
0 

'" 1:' 
<I' 

~ 
0, 

~ 

For systems with EGA capability and Personal System/2 products, the 
save pointer table contains pointers that define specific dynamic 
overrides for the video mode set function, INT 10H, (AH) = OOH. 

Address 

40,A8 

DWord 1 

DWord 2 

DWord 3 

Function 

Pointer to Video Parameters and Overrides 

Video Parameter Table Pointer 

Initialized to the BIOS video parameter table. 
This value must contain a valid pOinter. 

Dynamic Save Area Pointer (except Personal 
System/2 Model 30) 

Initialized to 00:00, this value is optional. When 
non 0, this value points to an area in RAM 
where certain dynamic values are saved. This 
area holds the 16 EGA palette register values 
plus the overscan value in bytes (0-16), 
respectively. A minimum of 256 bytes must be 
allocated for this area. 

Alpha Mode Auxiliary Character Generator Pointer 

Initialized to 00:00, this value is optional. When 
non 0, this value points to a table that is 
described as follows: 

Bytes/Character 

Block to Load, a = Normal Operation 

Count to Store, 256 = Normal Operation 

Character Offset, 0 = Normal Operation 

Pointer to a Font Table 

Displayable Rows 
If OFFH, the maximum calculated value is used, 
otherwise this value is used. 

Size 

DWord 

Byte 

Byte 

Word 

Word 

DWord 

Byte 

Consecutive bytes of mode values for this font Byte 
description. The end of this stream is indicated 
by a byte code of OFFH. 

Note: Use of the DWord 3 pointer may cause unexpected cursor type operation. 
For an explanation of cursor type, see INT 10H, (AH) = 01H. 

DWord 4 Graphics Mode Auxiliary Character Generator 
Pointer 

Initialized to 00:00, this value is optional. When 
non 0, this value points to a table that is described 
as follows: 

Figure 3-20 (Part 1 of 2). Save Pointer Data Area 

Address 

DWord 5 

DWord 6 

DWord 7 

Function 

DiSPlayable Rows 

Bytes Per Character 

Pointer to a Font Table 

Consecutive bytes of mode values for this font 
description. The end of this stream is indicated 
by a byte code of OFFH. 

Secondary Save Pointer (except EGA and Personal 
System/2 Model 30) 

Initialized to the BIOS secondary save pointer. 
This value must contain a valid pointer. 

Reserved and set to 00:00. 

Reserved and set to 00:00. 

Figure 3-20 (Part 2 of 2). Save Pointer Data Area 

Address 

Word 1 

DWord 2 

Function 

Table Length 

Initialized to the BIOS secondary save pointer 
table length. 

Display Combination Code (DCC) Table Pointer 

Initialized to ROM DCC table. This value must 
exist. It points to a table described as follows: 

NUmber of Entries in Table 
DCC Table Version Number 
Maximum Display Type Code 
Reserved 

00,00 Entry 0 No Displays 
00,01 Entry 1 MDPA 
00,02 Entry 2 CGA 
02.01 Entry 3 MDPA + CGA 
00,04 Entry 4 EGA 
04,01 Entry 5 EGA + MDPA 
00,05 Entry 6 MEGA 
02,05 Entry 7 MEGA + CGA 
00,06 Entry 8 PGC 
01,06 Entry 9 PGC + MDPA 
05,06 Entry 10 PGC + MEGA 
00,08 Entry 11 CVGA 

Size 

Byte 

Word 

DWord 

Byte 

Size 

Byte 
Byte 
Byte 
Byte 

Figure 3-21 (Part 1 of 3). Secondary Save Pointer Data Area 
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Address 

DWord 3 

Function Size 
01,08 Entry 12 CVGA + MDPA 
00,07 Entry 13 MVGA 
02,07 Entry 14 MVGA + eGA 
02,06 Entry 15 MVGA + PGC 

Abbreviation Meanings: 
MDPA = Monochrome Display and Printer 
Adapter 
eGA = Co for/Graphics Monitor Adapter 
EGA = Enhanced Graphics Adapter 
MEGA:::. EGA with monochrome display 
PGC = Professional Graphics Controller 
VGA = Video Graphics Array 
MVGA = VGA based with monochrome display 
CVGA = VGA based with color display 

Second Alpha Mode Auxiliary Character 
Generator Pointer 

Initialized to 00;00, this value is optional. When 
non 0, this value pOints to a table that is described 
as follows: 

Bytes/Character Byte 

Block to load, should be non 0 for normal Byte 
operation. 

Reserved Byte 

Pointer to a Font Table OWord 

Consecutive bytes of mode values for this font Byte 
description. The end of this stream is indicated 
by a byte code of OFFH. 

Note: Attribute bit 3 is used to switch between primary and secondary fonts. It 
may be desirable to use the user palette profile to define a palette of 
consistent colors independent of attribute bit 3. 

OWord 4 User Palette Profile Table Pointer 

Initialized to 00:00, this value is optional. When 
non 0, this value paints to a table that is described 
as follows: 

Underlining flag (1 = On, 0 = Ignore, -1 =: Off; Byte 
o = Normal Operation) 

Reserved Byte 

Reserved Word 

Internal Palette Count (0-17; 17 = Normal Word 
Operation) 

Figure 3-21 (Part 2 of 3). Secondary Save Pointer Data Area 

Address Function Size 

Internal Palette Index (0-16; ° = Normal Word 
Operation) 

Pointer to Internal Palette OWord 

External Palette Count (0-256; 256 = Normal Word 
Operation) 

External Palette Index (0-255; ° = Normal Word 
Operation) 

Pointer to External Palette OWord 

Consecutive bytes of mode values for this font Byte 
description. The end of this stream is indicated 
bya byte code of OFFH. 

DWord 5 to 
DWord 7 Reserved and set to 00:00. 

Figure 3-21 (Part 3 of 3). Secondary Save Pointer Data Area 

Address Function Size 

40:AC to 
40:FF 
50:00 

Reserved 

Print Screen Status Byte (INT Q5H Status) 

Figure 3-22. Miscellaneous Data Area 2 

Extended BIOS Data Area 

Byte 

Word 

The Extended BIOS Data Area is supported on Personal System/2 
products only. The POST allocates the highest possible (n) Kb of 
memory below 640Kb to be used as this data area. The word value at 
40:13 (memory size), indicating the number of Kb below the 640Kb 
limit, is decremented by (n). The first byte in the Extended BIOS Data 
Area is initialized to the length in Kb of the allocated area. 

To access the Extended BIOS Data Area segment, issue an INT 15, 
(AH) ~ C1H (Return Extended BIOS Data Area Segment Address). 
To determine if an Extended BIOS Data Area is allocated, use INT 15, 
(AH) ~ COH (Return System Configuration Parameters). 
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SECTION 1.1: NS8250/NS16450 UART CHIP 

5.0 Block Diagram 
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f 
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A, 
A, 
A, 
A5 

"-
A, 

"-
A9 
A" 
A" 
A" 
A" 
A" 
A" 
A" 
A" 
A" 
A" 
A20 
A" 
A" 
A" 
A" 
A25 
A2' 
A" 
A28 
A" 
A"" 
A" 

014 
A15 
516 
012 
515 
013 
A13 
011 
513 
A12 
57 
010 
55 
A7 
09 
03 
A5 
04 
oa 
05 
07 
53 
DB 
A2 
52 
51 
Al 
P2 
P3 
01 

Data 

DO 
0, 
0, 
0, 
0, 
05 
0, 
0, 
0, 
09 
0" 
0" 
0" 
0" 
0" 
0" 
0" 
0" 
0" 
0" 
020 
0" 
0" 
0" 
0" 
025 
0" 
0" 
028 
0" 
0"" 
0" 

i486TM MICROPROCESSOR 

Pin Cross Reference by Pin Name 

Control 

Pl A20MII 015 
N2 ADS# 517 
Nl AHOlD A17 
H2 BEO# K15 
M3 BE", J16 
J2 BEU J15 
L2 BE3# F17 
L3 BLAST# A16 
F2 BOFF# 017 
01 BAOYII H15 
E3 8REal! 015 
Cl 8sa. 016 
G3 8516# C17 
02 CLK C3 
K3 D/G# M15 
F3 OPO N3 
J3 OPl Fl 
03 OP2 H3 
C2 OP3 AS 
81 EADS# 817 
Al FEAR# C14 
82 FLUSH # C15 
A2 HLDA P15 
A4 HOLD E15 
A6 IGNNE# A15 
86 INTA A16 
C7 KEN# F15 
C6 LOCK # N15 
ca MilO" N16 
Aa NMI 815 
C9 PCO J17 
Ba PCHK# 017 

PWT l15 
PLOCK# 016 
ROY" F16 
RESET C16 
W/R# N17 

Hie Vee Vss 
A3 87 A7 
AlO 89 A. 
A12 811 All 
A13 C4 83 
A14 C5 84 
810 E2 85 
812 E16 El 
813 G2 E17 
814 G16 Gl 
816 H16 G17 
Cl0 Jl Hl 
Cll K2 H17 
C12 K16 Kl , 

C13 L16 K17 
G15 M2 l1 
A17 M16 L17 
54 P16 Ml 

A3 M17 
A6 P17 
Aa 02 
A9 A4 
Al0 56 
All sa 
A14 5. 

510 
511 
512 
514 

inteI" 1486T .. MICROPROCESSOR 
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000 
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000 
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i4&STW .. Ic ..... oc: ....... Pinout 
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DP2 01 VSS 
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SECTION 1.3: INTEL'S PENTIUM 

1.1. PINOUT DIAGRAMS 

1.1.1. Pentium™ Processor Pinouts 
10 11 12 13 14 15 11 17 ~ a M v 

NY .... _ y.., 'Il1O 'II:>: ..... Va: III't oa Yoc Yoc V. Yoc .,.. .,.. .......... lIN DO IM5 

A 000000000000000000000-
~ ~ - ~ ~ ~ ~ ~ ~, ~ va va va ~ _ va _ _ ~ ~ ~ 

_ 000000000000000000000-

---------------------c OOOOOOOOOOOOOOOOOOOOOc 
Yo< __ DO tn, tn5 tnl DIll DI'S D21 DSI !III DIll Dl4 D4G DII DS7 DII '" DII Oq, IJoIOI 

_ 000000000000000000000-
Yo< ~ D1 m ~ IM5 lIN ~ _ 

00000 0000' 
Voe: v. D3 III 

• 0000 
Y .. V_~D1 

GOO 0 0 
'Il1O VII FUN DI'O 

" 0000 
.,. IU I(E* CIQIiI 

0000 _ 'no JIM 101ft 

• 0000 
v •• AHOI.D BIIDVC. MIll" 

L 0000 
V ... InIWT. EAIIII4I HITIIiI 

• 0000 
\I<><; __ _ 

N 0000 
'Icc V. 1# "'*' 

, 0 0 0 0 
Vee ..... IIUI.I. 1El. 

a 0000 
Vee v.. PCHIUI IICYC 

- 0000 
YooI'II~_ 

PENTllIM T .. PROCfSSOA 
~NOUT 

TOP VIEW 

DOl C4I DI7 v... 
0000' 
OUOlllV_Y"" 

o 0 0 0 G 
DR ... V. 011 

0000" 
.. !III .,. .,.., 

0000, 
CUt IIfI Yoo va: 
0000. 

IIIMl Dtt v.. Yoe 

OOOOL 
_fIICIK» VII Yoe 

0000 • 
(50 (5 (5 N 
_ .... ¥II vee 

0000' 
'"'" IIC ..... V. o 0 0 0 a 
_Me v .. v .. 

0000-
....., IIC_TDO 

S 0000 ~----------------------~ 0 0 00. 
va: I'll IWQtU lQ{ ~ _ m m All .I.,. .,, .1.,1 All All M A7 .u IIC lIT lIT TIll 

T OOOOOOOOOOOOOOOOOOOOOT 
Vao I'I.UIIItI PIID' BEllI' _ _ _ ,.,. 142 ,... ..", ." At. .0.,2 Alt ... .1 All "" AU M' 

U OOOOOOOOOOOOOOOOOOOOOU 
BE. ...EQ LOetCI DICII IIOUI "'" V.. va v.. v.. v.. v.. v.. v.. _ v.. v.. '1M All _ An 

, 000000000000000000000' 
_________________ • __ m 

W OOOOOOOOOOOOOOOOOOOOOW 
1 • 10 11 tl » 14 15 " » ,. " a ~ 

Figure 1·1. Pentium'" Processor Pinout (Top View) 
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intel· PINOUTS 

1.2. PIN CROSS REFERENCE TABLES 

1.2.1. Pentium Processor 

Table 1·1. Pentiumr .. Processor Pin Cross Reference by Pin Name 

Address Data Control 

A3 T17 DO D03 D32 DlO A20M# U05 FACMC# M19 

A4 W19 Dl E03 033 C17 ADS. P04 Hln W02 

AS U18 D2 E04 D34 C19 AOSe# N04 HtTM# M04 

A6 U17 D3 F03 D35 D17 AHOlD l02 HLDA 003 

A7 T16 D4 C04 D36 C18 AP P03 HOLD V05 

AB U16 D5 G03 D37 D16 APCHK# W03 IBT T19 

A9 TIS D6 B04 D3B Dig BEO# U04 IEAR# CO2 

AIO U15 D7 G04 D39 DIS BE1# 004 IGNNE# S20 

All Tl4 DB F04 D40 D14 BE2# U06 IN IT T20 

A12 U14 D9 C12 D41 Big BE3# VOl tNTR NIB 

A13 Tl3 DIO C13 D42 D20 BE .. TOO INV AOI 

Al4 U13 DI1 E05 D43 A20 BES# S04 IU J02 

A15 Tl2 D12 C14 D44 D21 BE" U07 IV B01 

Al6 U12 D13 D04 D45 A21 BE?# WOI KEN# JOO 

Al7 Til D14 D13 D46 E1B BOFF# K04 LOCK# VOO 

AlB Ull DIS DOS D47 B20 BP2 B02 MilO. A02 

Alg TIO D16 D06 D48 B21 BP3 B03 NA. K03 

A20 UIO D17 BOg D49 Fig BROY# l04 NMI N19 

A21 U21 D18 COO D50 C20 BROYC# l03 PCD W04 

A22 UOg Dig CIS D51 FIB ar:EQ V02 PCHK# R03 

A23 U20 D20 D07 D52 C21 BUSCHK# T03 PEN# M18 

A24 UOB D21 C16 D53 G1B CACHE# J04 PMQIBPQ D02 

A25 U19 D22 C07 D54 E20 ClK K18 PM1/BP1 COO 

A26 TOg D23 AIO D55 Gig DIC# V04 PRDY U03 
- -

I·' 

PINOUTS intel· 

Table 1-1. Pentlumn• Processor Pin Cross Reference by Pin Name (Contd.) 

Address Data Control 

A27 V21 D24 BIO D56 H21 DPO H04 PWT S03 

A28 V06 D25 COB D57 F20 DPI COS RIS# RIB 

A29 V20 D26 CI1 D58 J18 DP2 A09 RESET L18 

A30 W05 D27 DOg D59 H19 DP3 D08 Seye R04 

A31 V19 D28 Dl1 D60 l19 DP4 D18 SMI# P18 

D29 C09 D61 K19 DP5 A19 SMIACT# T05 

BTO TOB D30 D12 D62 J19 DP6 E19 TCK T04 

BTl W21 D31 CIO D63 H18 DP7 E21 TOI T21 

BT2 T07 fADS# M03 TOO S21 

BTJ W20 EWBE# A03 TMS P19 

FERR# H03 TAST# S18 

FLUSH# U02 W/R# N03 

WBNoIT# M02 

VCC VSS 

A04 COl N21 W08 B05 B15 H02 l20 020 VIO 

A05 DOl POI WOO B06 B16 H2O MOl R02 VII 

A06 EOI P21 WIO B07 B17 J01 M20 R20 V12 

A07 F01 001 Wl1 B08 B18 J20 N02 S02 V13 

A08 F21 018 W12 Bl1 E02 K01 N20 T02 V14 

All G01 021 W13 B12 F02 K02 P02 V07 V15 

A12 G21 R01 W14 B13 G02 K20 P20 V08 V16 

A13 HOI R21 W15 B14 G20 lOi 002 VOg V17 

A14 J21 SOl WIG V18 

A15 K21 T01 W17 

A16 l21 U01 W18 

A17 M21 W06 Ne: 019 S19 R19 T18 

A18 N01 W07 

18 



SECTION 1.4: INTEL PACKAGING 

infel· PACKAGING 

PACKAGE TYPES 

CERAMIC PACKAGES 

Surface Mount 
f---------- CQFP 

(Ceramic Quad Flalpacl<) 

LGA 
(Land Grid Array) 

Socket Mount 

PGA 
(Pin Grid Array) 

C·DIP 
(Ceramic Dual In-Line Package) 

Insertion/Socket Mount (Side-Braze) 

1-3 

(Reprinted by pennission of Intel Corporation, Copyright Intel Corp. 1992) 
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(Bottom View) 

(Bottom 
View) 

240817-1 

963 



>C 

~ 

> 
"C 

~ 
~ 
S< 
~ 

I:' 

~ 
~ 
00 

== I:"l 
I:"l .., 
00 

intel· PACKAGING 

PACKAGE TYPES (Continued) 

I LEADLESS CHIP CARRIER PACKAGES I 

LCC O(-~) (Socket Mount) 

LCC 0 (Bottom VI8W) 
(Surface Mount) 

I GLASS·SEALED PACKAGES I 

CERDIP 

~ (Ceramic Dual In-Una Package) 

(Insertion Moont; uv Window) 

CERQUAD 

~ (Ceramic Quadpack) 

(Surface Mount) 

I MODULES J 
SIMM [DODDlIDI (Single In-Une leadless 
Memory Module) 

(Top VIew) 

SIP 

~ (Single In-Una Leaded 
Memory MOdule) 

[Top View) 

2_17-2 
- - -- - - - ---_._---

1-4 

intel· PACKAGING 

PACKAGE TYPES (Contin,ed) 

PLASTIC PACKAGES 
Surface Mount 

,---SOP 
(Small OU1\ine Pac¥age) 

(Gu'-Wlng) 

Dual Row 
J---=-="-'----t-- SOJ 

(Small Outline Package) 

(J-leed) 

'--TSOP 
(Thin Small Outline Package) 

r-- PLCC 
(Plastic leaded Chip Carrier) 

I-- PQFP 
(Plastic Quad Flatpack) 

Quad Row 

f--QFP 
(Quad Flatpack) 

'-- FLATPACK 

~ 
~ 
V 

o 
/o"'~_ 
~~~H • o 
o 

I 

240817_3 
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infel· PACKAGING 

PACKAGE TYPES (Coo"o,ed) 

Single Row 

Dual Row 

PLASTIC PACKAGES 
- Insertion Mount 

ZIP 
(ZigZag In-Una Package) 

P-DIP 
(Plastic Dual In-Line Package) 

SHRINK DIP 
(Shrink Dual In-Una Package) 

SKINNY DIP 
(Skinny Dual In-Una Package) 

1-6 

~ 
(Side View) 

~ 

~ 
240817-4 

infel· PACKAGING 

PACKAGE TYPES (Coo"oooo) 

PCMCIA PC CARD-TYPE I AND TYPE II 

Type I 

~ 

Type II 

" 
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INDEX 

.286 directive 224 

.386 directive 224 

.486 directive 224 

.86 directive 224 
16450 UART chip 522,530,959 

See also 8250 UART chip 
2, powers of 2 267 
74xxl38 278 - 279, 318 - 319 
74xxl58 286 - 287 
74xx 175 249 - 250 
74xx244 768 
74xx245 244,247 - 249, 256, 

287 - 288, 768 
74xx280 287 - 288 
74xx373 237 - 238, 244, 247, 248 
74xx573 238 
74xx74 249, 287 - 288 
80186/88 microprocessor 632 - 633 
80286 microprocessor 246, 250 - 254, 

289, 634, 746, 765 
80386 microprocessor 237 - 238, 634, 

636 - 653,655,765 
80386DX microprocessor 641 
80386SX microprocessor 634, 641 
80486 microprocessor 691 - 696, 

765,960 
80486SX microprocessor 691 
80487 coprocessor 626 - 628 
8086 microprocessor 236 - 242, 765 
8087 coprocessor 236, 240, 60 I - 628 
8088 microprocessor 236 - 242, 248 
82284 clock generator 256 
82288 bus controller chip 256 
8237 DMA chip 249,393,448 -

459,461 - 474 
8250 UART chip 509 - 510, 522 -

525, 527, 530, 959 
8251 USART chip 509 - 510, 531, 533 
8253/54 timer 387 - 388, 390 - 395, 

397 - 402, 404 - 406 
8255 PPI chip 320 - 325, 329 
8259 interrupt controller chip 248, 

392,411 - 413, 415 - 416, 
418 - 438, 440 - 442, 551 

8284 clock generator 242 - 246, 248, 
391 

8288 bus controller chip 242 - 246, 248 

968 

colon following labels 50 
colon segment override operator 

44 - 45 

A 

A20 driver 746 
A20 gate 260, 695, 700, 746 
AAA instruction 110, 847 
AAD instruction 110, 847 
AAM instruction 110, 848 
AAS instruction 110, 848 
access time 

casette tape 571 
disks 583, 586, 589, 591 - 592 
memory 267,291 - 292, 299 

accumulator 26, 310 
ACKNLG signal 556 
adapter cards 742 
ADC (analog-to-digital converter) 373 -

382 
ADC instruction 83, 85, 848 
ADD instruction 25, 83, 228, 848 - 849 
add-in cards 796 
addition 

BCD 104 
binary 6 
hex 6 - 7 
signed 174 - 179, 181, 183 
unsigned 83 - 86 

address bus 10 - 13,237 - 239, 247, 
786, 790 
80286 256 
80386 642 
Pentium 700 

address decoding 3 12 - 3 16 
absolute decoding 316 
I/O ports 326 
linear select decoding 316 

addressing 
effective address 43 
linear 652 - 653 
logical address 27 - 28, 30,35 
modes 41 - 44, 222 
modes of the 80386 637 
offset address 27, 224 
physical 647, 653 
physical address 27 - 28, 30, 35, 

43,223 
table 45,223 

AEN generation circuitry 243, 249 



AEN signal 243, 248 - 250, 461, 786 
AF (auxiliary carry flag) 38 - 39, 101, 

105 
AH register 23,88,90 - 91,122,179 

- 180,344 
AL register 23,88,90 - 92, 179, 310 
ALE signal 244, 247, 256, 786 
aliases 316 
alignment field 20 I 
ALU (arithmetic/logic unit) II, 21 
AND instruction 93, 850 
arguments in macros 151 
ASCII 8, 69, 102 

addition 109 
subtraction 109 
table 8,940 

ASCIIZ string 593, 898 
asm file 54 
assemblers 54 
assembling a program 54 
ASSUME directive 52, 883 
ASYNC signal 245 
asynchronous communication 

See serial communication 
AT bus 

See ISA bus 
AUTOEXEC.BAT file 726 - 727, 729 
auxiliary carry 38, 101, 105 
AX register 23,88 - 89, 91 - 92, 178 

- 180,635 

B 

background color 122, 125, 129 
BACKUP command 730 
bank switching 743, 745 
based addressing mode 43 
based indexed addressing mode 44 
batch files 730 
bathtub failure rate 776 
baud rate 5 12 

See also serial communication 
BCD (binary coded decimal) 72, 101 

addition 104 
multiplication 110 
packed BCD 102, 116 
subtraction 104 - 105 
unpacked BCD 102 

BE signals 642 - 644, 692, 699 
B H register 23 
BHE signal 252, 256, 259, 289 
biased exponent 602, 604 
BICMOS logic family 764 - 765 

bidirectional buffer 257 
See also 74xx245 

bidirectional data bus 248, 562 - 563, 566 
big endian 694 
binary numbers 

addition 6 
See also conversion 
format 2 
subtraction 87 

BIOS 122,282 - 283, 418, 736, 744 
8253 initialization 392 - 394, 

402 
8259 initialization 432, 437 -

438 
and EISA slots 797 
checksum 284 - 286 
COM ports 516 
delay routine 395 
DMA channels 463, 465 - 467, 

471 
interrupts in C/C ++ 141, 809 - 81 1 
keyboard programming 139-

140,549 - 550, 552 -
553 

LPT ports 557 
NMI interrupts 435 
printer programming 554,559, 

561 
reset 283 
serial communication 516, 
518-520 

BIOS data area 282,419,547,551-
553,557,741,815,952 - 958 
accessed in C/C++ 815 
COM ports 517 
listing 282 

BIOS Interrupts 
See INT IOH 

BIOS ROM 270,283, 302, 484, 491, 
495 - 496, 551 - 552, 725, 741 
80386 duplicate 645 

bipolar transistors 
See transistors 

BISYNC protocol 535 
See also serial communication 

bit 9 
bit manipulation 

See C programming 
bit scan instructions 640 
BIU (bus interface unit) 2 1 - 22, 695 
BL register 23 
block 

devices 737 
error checking 535 - 536 
transfers 510 - 511, 530 - 531 
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boot 725 
See also cold boot 
See also wann boot 

boot record 572 - 574, 582, 585 
BP register 23, 36, 635 
bps (bits per second) 512 

See also serial communication 
branch penalty 696 
branch prediction 702 
BREAK command 728 
breakpoint 416, 829 
BSF instruction 640 
BSR instruction 640 
BSWAP instruction 693 
buffers 247,256,288,292 

bidirectional 247 
BUFFERS command 729 
burst cycle 692, 703 
bus 9 

address bus 10 - 13 
control bus 10 - II 
data bus 10 - 12 

bus arbitration 249, 785, 794 
bus bandwidth 293 - 294, 342, 786 

80386 645 
graphics 798 
I/O devices 343 
local bus 802 

bus boosting 250 
See bus buffering 

bus buffering 248 - 249 
bus cycle 291 - 292,714 

80286/386SX 299 
80386 644 - 645 
DMA 464 
1/0 instructions 338,341 - 344, 

471 
See also WAIT state 

bus protocol 785 
See also protocol 

bus standard 785, 798 
bus throughput 

See bus bandwidth 
buses 236 - 240, 247, 785 

See also address bus 
See also control bus 
See also data bus 
See also EISA bus 
See also IBM MCA bus 
See also ISA bus 
See also local bus 

busy flag 736 
BUSY signal 254 
BX register 23, 635 
byte 9 
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BYTE attribute 888, 890 - 891 
byte tran sfer 

See character transfer 

c 

C programming 141 - 144,210, 
332 - 337, 359, 372, 
809 - 822 

bitwise operation 114 - 116 
calling Assembly language 

routines 212, 215 
calling convention 213 - 214 

216 
, 

1/0 ports 377 - 379,816,819 
inline coding 145, 211 
int86 function 141 - 143 809-

811 ' 
int86x function 144 
intdos function 141, 143, 809, 

812 
intdosx function 144 
I/O programming 332 - 337, 

359,372 
kbhit function 146 
keyboard functions 146 
logic operators 114 
REGS structure 141 - 142 145 

809-810 " 
shift operators 115 
SREGS structure 144 - 145,812 

cache 271,662,672 
coherency 679 
data cache 673 
direct mapped 674 
first level cache 691 
flushing 678 
fully associative 673 - 674 
on-chip 700 
organization 673 - 677 
refill policy 679 
replacement policy 679 
secondary cache 691 
set associative 675 - 676 
tag cache 673 
updating main memory 678 

CALL instruction 66, 412, 850 - 851 
856 ' 

capacitance derating 768 
capacitors 774 
carry 38 

See also auxiliary carry 
CAS signal 274 - 275, 287, 663 



cascade mode 422 - 423, 437, 456 
CBW instruction 178, 639, 851 
CD (carrier detect) signal 515 
CD command 730 
CD ROM 726, 728 
CDQ instruction 639 
CEN signal 243 
centronics printer interface 

See printer interfacing 
CF (carry flag) 37 - 40, 65, 83, 86, 88, 

95 - 97, III - 113, 176 - 177, 
182,414 
access in C language 144 

CGA (color graphics adapter) 122, 
124 - 125, 127 - 129 

CGA adapters 484 - 485 
CH register 23 
character 

BISYNC protocol characters 
534 

devices 737 
number of bits 511,517 
parity bit 512 
transfer 51 I - 512, 517, 519, 522 

character box 482 - 483 
character generator ROM 495 - 496 
checksum 284 - 286 
chip capacity 278 
chip enable 

See chip select 
chip select 278 
CHKDSK utility 581 
CISC architecture 14, 704 
CL register 23, III - 113 
class name field 20 I 
CLC instruction 851 
CLD instruction 185, 852 
CLI instruction 266, 413, 852 
CLK signal 243, 246 - 248, 252, 

694, 786 
clock 726, 787 

See also 8253/54 timer 
frequency 243 - 244, 252, 391, 

703 
clock cycles 847, 872 - 873 
CLOCK signal 240 
closing files 594 
clusters 573, 580 
CMC instruction 852 
CMOS logic family 269,271,276, 

281, 522, 760, 762 - 765, 780 
CMOS RAM 819 - 821 
CMP instruction 96 - 97, 182, 

852, 860 
CMPS instruction 852 

CMPSB instruction 185, 188, 852 
CMPSW instruction 185, 188, 852 
CMPXCHG instruction 694 
CODIINTA signal 265 
.CODE directive 51 - 52 
code segment 

See segments 
Code View program 224 - 225 
cold boot 244, 283, 725, 727 
color palette 488, 50 I - 502 
com file 76 - 77, 735 
COM ports 

See serial communication 
combine type field 20 I 
COMMAND.COM file 579, 726 - 727, 

729,731 
comments 50 

m macros 152 
compact 

See memory model 
conditional jumps 

See jumps 
CONFIG.SYS file 726 - 730, 737, 

751, 754, 756, 921 
control bus 10 - I I, 238 - 239, 249, 

786 
conventional memory 281, 726, 728 -

729,731,741 - 742, 744, 746 
- 747, 749 - 752, 811 

conversion 
ASCII to BCD 102 - 103 
ASCII to binary 207 
BCD to ASCII 104 
binary to ASCII 203 - 205 
binary to decimal 2 
decimal to binary 2 
decimal to hex 4 
exe to com 77 
hex to binary 4 
hex to decimal 4 

cooked data 737 
coprocessor 
COpy command 
counters 

20,601 
730 

divide-by-N counter 404 
hardware triggered 406 
of the 8253/54 timer 387 - 388, 

390, 392 - 394, 397 
programmable one-shot 404 
software triggered 405 

CPU 9,11 
CPUlD instruction 718 
CRAY 210 
CRC error checking 535 

See also serial communication 
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crf file 56 
crosstalk 774 
CRT controller 48 I, 484 

See also 6845 CRT controller 
CRT displays 

analog 481 
CGA adapter 484 
character box 482 
color 481 
digital 481 
EGA adapter 487 
horizontal/vertical frequency 

479 
MCGA adapter 488 
MDA adapter 486 
raster scanning 478 - 479 
resolution 478, 480 
SVGA adapter 491 
VGA adapter 489 
See also video 
video frequency 479 
video graphics programming 

489 
video text programming489 

crystal 245 
trequency 245 
oscillator 245 - 246 

CS register 23, 27 - 28, 66, 241, 
254,411,414,635 

CS signal 271 
CSYNC signal 246 
ctrl-break 728 
CTS (clear to send) signal 515 
currents 77 I 

cursor 

dynamic 771 
static (DC) 77 I 
transient 774 

position 122 - 124,493 - 495, 
498,500 

shape 493,498,500 
See also mouse pointer 

CWD instruction 178, 639, 852 
CX register 23, 635 
cylinders 583 

o 
D latch 238 

See also 74xx373 
DAA instruction 104 - 105, 853 
DAC (digital-to-analog converter) 368 

- 371 
DACK signal 448, 450, 454, 461, 787 
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daisy chain 590 
DAS instruction 
data 

104,107,853 

alignment 646 
integrity 284, 288 
programming 605 - 606 
types 60 I - 604 

data acquisition 316 - 317, 373,375, 
379 

data bus 10 - 12,236 - 239, 248 - 249, 
256,273,309,787,790 

80286 256 
80386 642 - 643 
Pentium 699 

data dependency 70 I 
.DATA directive 74 
data directives 69 
data segment 

See segments 
data transfer 

block 510,530 - 531 
character 51 1- 512, 519, 522 
DMA 448,450,453,456,459, 

464 
data types 68 

in MMX 716 
DB directive 69, 883 
DCE equipment 5 I 5 - 5 I 6 

See also serial communication 
DD directive 7 I, 605, 884 
DEBUG program 55, 825 

A (assemble) command 828, 833 
C (compare) command 843 
D (dump) command 833 - 835 
E (enter) command 833, 835 - 837 
F (fiD) command 833 - 834 
G (go) command 828 - 830 
H (hex) command 840 
L (load) command 844 
M (move) command 842 - 843 
N (name) command 844 
P (procedure) command 840 
Q (quit) command 825 - 826 
R (register) command 826 - 827, 

839 
S (search) command 843 - 844 
T (trace) command 831 
table of commands 846 
table of flag register codes 840 
U (unassemble) command 828 -

829,833 
W (write) command 844 

DEC instruction 854 
decoder 278 

See also 74xxl38 



DEL command 730 
delay routine 395,397,399 
demultiplexing 274 
DEN signal 240, 244, 248 
descriptor table 648 - 651 
DEVICE command 729,737,749, 

751 - 754, 756 
device drivers 726, 728 - 729, 731, 

736 - 737, 744, 749, 751, 754 
block type 737 
character type 737 
installable 736 
standard 729, 755 

DEVICEHIGH command 755 
OF (direction flag) 38, 185 
DH register 23 
DI register 23, 635 
DIP (dual in-line packaging) 251, 

634, 773 
DIP switches 342 
DlR command 579 
DlR signal 248 
direct addressing mode 42 
directives 50 - 51, 53, 605 
directory 572 - 573, 577, 579, 

582,585 
dirty bit 651, 678 
DlSKCOPY command 730 
disks 

access time 583,586,589, 
591 - 592 

bootable 579 
capacity 583 
clusters 572 - 574 
cylinders 583 
data encoding 586 - 588 
density 587 
files 593 - 596 
floppy 571 - 573, 575 - 578, 582 
formatting 585, 592 
hard 582 - 585, 587 - 589, 591 
heads 583 
interfacing 
logical 585 

588-591 

organization 572 - 583, 585, 
591 - 592 

parking head 592 
partitioning 585 
programming 593 - 596 
reliability 592 
sectors 571 - 572 
speed 586 
timing 587 
tracks 571 - 572 

display 
attribute 123, 125 
character to monitor 130 
string to monitor 130 

DlV instruction 90 - 92, 854 
division 

signed 179 
table 92, 179 
unsigned 90 - 92 

DL register 23 
OLE (data link escape) character 534 
DMA 448,745 

AT interfacing 468,470 
bus control 240, 249, 

448,450,461 
cascading 456 
channel priority 471 
control registers 451, 453 
data transfer 456, 464, 468, 470 
See also DRAM refreshing 
interfacing 459 
transfer rate 472 - 473 

DOS INT21 H Function calls 
See INT 21H 

DOS operating system 19, 24, 32 - 33, 
35, 725 - 730, 741 - 743, 745, 
749 - 751,754 
batch commands 730 
CONFIG.SYS commands 730 
external commands 730 
internal commands 730 

DOS=HIGH command 749 
DOS KEY program 730, 755 
dot pitch 480 
double density disks 587 
double precision data 601 
DQ directive 72, 605, 884 
DRAM (dynamic RAM) 273 - 275, 

662 - 663, 665 - 666, 672 
EDO 680 - 681 
fast page mode 680 
hyper-page 681 
interfacing 301 
nibble mode 665,669,671 
page mode 667 - 668, 671 
Rambus 683 - 685 
refreshing 393, 463, 465, 467 
SDRAM 682 - 683 
static column mode 665, 

669,671 
DREQ signal 448, 450, 454, 461, 467 
DRQ signals 787 
OS register 23, 29 - 30, 240, 266, 

295, 329, 635 
DSP (digital signal processing) chips 715 
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DSR (data set ready) signal 515 
DT directive 72, 605, 884 
DT/R signal 240,248 
DTA (disk transfer area) 898 
DTE equipment 515 - 516 

See also serial communication 
DTR (data terminal ready) signal 515 
dual bus systems 797 
DUP directive 70, 885 
duplex transmission 510 

See also serial communication 
D W directive 70, 885 
DWORD attribute 888, 890 
DX register 23, 88 - 89, 91, 178 -

180,324,635 

E 

EA 
See effective address 

EAX register 635 - 636, 639 
EBP register 635 
EBX register 635 
ECHO command 730 
ECL chips 780 
ECP port 563 
ECX register 635 - 636 
EDC circuitry 776, 778 - 780 
EDI register 635 
EDLIN command 730 
EDX register 635 - 636, 639 
EEPROM (electrically erasable 

PROM) 269, 662 
effective address 639, 870 
EFI signal 245 - 246, 268 
EFLA GS register 635 
EGA (enhanced graphics adapter) 122, 

124 
EGA adapters 487 
E1P register 635,644 
EISA add-in cards 794 - 795 
EISA bus 347, 793, 795 - 796 
EMM (expanded memory 

manager) 745 
EMM386.EXE program 743,750-

752, 754, 756 
EMS (expansion memory 

specification) 743, 745 
END directive 53, 195,885 
ENDM directive 151 
ENDP directive 52, 886, 889 
ENDS directive 51, 886, 891 
ENQ (enquiry) character 534 
entry point 51 - 53, 67 

974 

EOI (end of interrupt) command 429 
EOT (end of transmission) char 534 
EPP port 563 
EPROM (erasable programmable 

ROM) 268 - 269 
flash EPROM 270 

EQU directive 71,134,886 
error detection and correction 776 - 781 
ERROR signal 267 
ES register 23,32,240,266,295,635 
ESC instruction 267, 854 
ESI register 635 
ESP register 635 
ETB (end of transmission block) 

character 534 
ETX (end of text) character 534 
EU (execution unit) 21 - 22, 695 
even bank 289 - 290, 299 
EVEN directive 292 - 293, 886 
exception 

divide error 90 
exe file 55, 76 - 77, 735 
EXE2BIN utility 77, 296, 735 
exit point 51 
expanded memory 743,745,752 

accessmg 756 
emulating 756 

expansion slot 295,297, 788 
exponents 602, 623 
extended BIOS data area 419 
extended memory 746 - 747, 

751, 755, 819 - 820 
extra segment 

See segments 
EXTRN directive 194, 197,862,887 

F 

FIC signal 245,246 
FAR attribute 52,64,66 - 67, 194, 851 
FAST (Fairchild Advanced Schottky 

TTL) 763 
FAT (file allocation table) 572 - 574, 

576, 580 - 582, 585, 899 
FCB (file control block) 593, 898 - 899 
FCT (fast CMOS technology) 763 
file handle 593 - 594, 899 
files 

closing 594 
creating 593 
opening 594 
programming 593 - 596 
reading 594 
writing 593 



FILES command 
FIT (failure in time) 
fixed disks 583 

See also disks 

729 - 730 
777 

flag register 23,37 - 38, 40, 64, 
411,635,839 - 841 

diagram 414 
flash memory 

See EPROM 
floating point 

instructions 620 - 625 
programm ing 606 - 614, 620 

floating point data 
See IEEE floating point standard 

floppy disk 
See disks 

FM (frequency modulation) 586 
foreground color 125 
FORMAT command 730 
formatting 572, 585, 592 
FPU (floating point unit) 700 
framing 511 

See also serial communication 
FS register 635 
full duplex transmission 510 

G 

GaAs (gallium arsenide) 764, 780 
GOT (global descriptor table) 651 
general purpose registers 22 - 23 
gigabyte 9 
GRAFTABL utility 496 
graphic processor 798 
graphics 

See video 
graphics mode 127 - 129 
ground bounce 771, 773 
GROUP directive 887 - 888 
GS register 635 

H 

half duplex transmission 510 
Hamming code 534 
handshaking 321,514 
hard error 302, 776 - 777 
hardware interrupts 

See interrupts, hardware 
Harvard architecture 700, 707 

head pointer 553 
Hercules adaptor 491 
hexadecimal 

See also addition 
See also conversion 
representation 3 
See also subtraction 

Hi/Lo byte copier 344 - 345, 469 
high memory 746 - 747 

See also HMA 
HIMEM.SYS file 746,749 - 750 
hit 672 
HLOA signal 240, 253, 448, 450 
HLT instruction 854 
HMA (high memory area) 260, 272, 

695,700,746, 749 - 751,754 
HOLD signal 240, 253, 448, 450 
host processor 618 
hot keys 732, 734 
HRQ signal 449 
HRQOMA signal 249 
huge 

See memory model 

1/0 
80386 ports 646 
address decoding 312 - 313, 

316 - 31 8, 344 - 345 
address map 317,941 - 942 
bus cycle 339, 343 
bus timing 325 
channel 787 
handshaking 321 
instructions 310 - 3 11 
interfacing 325 - 331 
map 317,340 
memory mapped 1/0 314 
peripheral 110 344 - 345 
ports 310 
programming with C 332 - 337 

1/0 design 312 - 315 
IBM AT 251,256 - 257, 260, 

468,471,746,786,941 
rear panel 274 

IBM MCA bus 793 - 794, 798 
IBM PS/2 395,413,419,439,472, 

484, 488 - 489, 793 - 794, 
942,952 

IBM token ring 535 
IBMBIO.COM file 579 
IBM DOS. COM file 579 

975 



IC interfacing 766, 768 - 772, 774 - 775 
capacitance derating 768 
fan-inlfan-out 766 

IC technology 760 - 765 
ID header 592 
IDIV instruction 179, 854 
I EEE floating point standard 60 I - 603 
IF (interrupt flag) 38, 414 
immediate addressing mode 41 
impedance 762, 775 
IMUL instruction 180, 854 
IN instruction 3 I 0 - 312, 315, 400, 

646,855 
INC instruction 855 
INCLUDE directive 158 - 159,888 
index registers 23 
indexed addressing mode 43 
inductance 771,773 - 774 
in line coding 145,211 - 212 
input 

/Tom keyboard 131-133,135 
input ports 

See /10 
instruction decoder 12 
instruction pairing 702 
instruction pointer 

See IP 
instruction schedul ing 702 
instruction timing 870 - 872 

table 873 - 882 
INT 00 (divide error) 415, 858 
INT 01 (single step) 415,858 
INT 02 (non-maskable interrupt) 416, 

858 
INT 03 (breakpoint) 416, 858 
INT 04 (signed number overflow) 416 
INT 08 732, 735 
INT 09 549, 551 - 553, 732 
INT IOH 491,493 - 494, 498, 

504,734 
INT I OH video function calls 122 - 129 

See Appendix E 924 
INT 12H 419,811 
INTI4H 516,518-520 
INT 15H 819 
INT 16H 139 - 140, 549 - 550, 

553,735,812 
INT 17H 554, 559, 561 
INT IAH 820 
INT 21H 141,143,593 - 594, 

731 - 732, 809, 812, 820 
INT 21 H DOS function calls 122, 

130-135,137-138 
See Appendix D 900 
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INT33H 161-167, 169,898,921-923 
INT instruction 122,411 - 413, 415, 

431,441,855 - 856, 858 
INTA signal 240, 244, 252, 421, 433 
integers 604, 614 

programming 614 - 615 
integrated circuits 

See IC 
interlaced scanning 478 
interleaving banks 663, 665 - 666, 683 
interleaving sectors 591 
interrupt chaining 732 
interrupt handler 732 

See also ISR 
interrupt service routine 

See ISR 
interrupt vector table 411 - 412, 

414,732 
interrupts 411, 732, 856 - 857, 859 

and the 80286 436 
assignment table 440 
conditional or exception 415 
enabling/disabling 427 
EOI (end of interrupt) command 

429 
execution 414 
hardware 413,421,430-

434,439,857 
hooking into interrupts 732, 

735 
interrupt vector table 859 
NMI sources 433 
priority 426 - 427, 429, 441 
software 413,857 
table of the IBM PC/XT 418 

INTO instruction 416, 859 
INTR signal 240,266,413 - 414, 

421,441 
inverters 761 - 762 
IO.SYS file 579,726,737 
101M signal 238 - 240 
lOB signal 249 
10CHCHK signal 787 
10CHRDY signal 787 
lOR signal 240, 387, 449, 787 
10RC signal 243 - 244 
lOW signal 238 - 240, 449, 787 
10WC signal 243 - 244, 249, 270 
IP (instruction pointer) register II, 23, 

27 - 28, 64, 241, 411, 414,635 
IRET instruction 412, 422, 859 
IRQ signals 169,392,439,441,551, 
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ISA bus 246, 250 - 251, 255 - 257, 786 
- 788, 790 - 792, 795, 796 - 797, 943 

limitations 792 
timing 789 

ISR (interrupt service routine) 411, 413, 
419, 732, 735 

IU (integer unit) 700 

J 

JA (jump if above) 64 - 65 
JAE (jump if above/equal) 64 
JB (jump if below) 64 - 65 
JBE (jump if below/equal) 64 
JC (jump if carry) 64, 860 
JCXZ (jump ifCX=O) 861 
JE (jump if equal) 64 
JG (jump if greater) 64, 183, 861 
JGE (jump if greater/equal) 64, 183,861 
JL (jump if less) 64,183,861 
JLE (jump if less/equal)64, 183, 861 
JMP (unconditional jump) 65,861 - 862 
JNA (jump if not above) 64 
JNAE (jump if not above/equal)64 
JNB (jump if not below) 64 
JNBE (jump if not below/equal) 64 
JNC (jump if no carry) 64, 860 
JNE (jump if not equal) 64 
JNG (jump if not greater) 64 
JNGE (jump if not greater/equal) 64 
JNL (jump if not less) 64 
JNLE (jump if not less/equal) 64 
JNO (jump if no overflow) 64, 860 
JNP (jump if no parity) 860 
JNS (jump if no sign) 64, 860 
JNZ (jump if not zero) 63 - 64, 860 
JO (jump if overflow) 64, 860 
JP (jump if parity) 64, 860 
JPE (jump if parity even) 64 
JPO (jump if parity odd) 64 
JS (jump if sign) 64, 860 
jumps 

conditional jumps 64, 183, 860 
far jumps 862 
short jumps 64, 861 
table 65 
unconditional jumps 65, 861 

JZ (jump if zero) 65, 860 

K 

K (unit of measure) 9 
kernel 653,726,731,744,751 
keyboard 542 - 543 

break 546 
buffer 552 
cable jack 551 
capacitive 554 
enhanced 550 
hard contact 553 
See also INT 09 
See also INT 16H 
interfacing 546 
key press detection 543, 545 
make 546 
matrix 542 
overrun 552 
programm IIIg 
scan codes 

keyboard input 
See input 

kilobyte 9 

L 

549 
547 - 548 

LABEL directive 136, 888 
labels 50, 67, 895 - 896 
LAHF instruction 863 
.LALL directive 152, 154 
large 

See memory model 
latch 

D latch 238 
latency time 586 
LCC (leaded chip carrier) 253 
LCD 352 - 360, 564 
LDS instruction 863 
LDT (local descriptor table) 651 
LEA instruction 863 
LENGTH directive 889, 893 
LES instruction 864 
LIM (Lotus/Intel/Microsoft) EMS 743 
line drivers 513 

See also serial communication 
line receivers 513 

See also serial communication 
link map 200 
LINK program 54,56 - 57,196 - 197 
linking 57, 196 - 197 

C with Assembly language 217 
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little end ian 3 I, 61, 72, 226, 636, 694 
load/store architecture 705 
LOAD HIGH command 755 
local bus 247, 797 

See also PCI local bus 
See also VESA local bus 

LOCAL directive 155, 157 
locality of reference 673 
LOCK instruction 864 
LODS instruction 864 
LODSB instruction 185 - 186, 864 
LODSW instruction 185 - 186, 864 
logical pages 745 
loop 40 
LOOP instruction 
LOOPE instruction 
LOOPNE instruction 
LOOPNZ instruction 
LOOPZ instruction 
lower memory 741 
LPT ports 

See printer 

86, 864 
864 
865 
865 
864 

LRU (least recently used) 
algorithm 647,679 

LSB (least significant bit) 95 - 96, 
111- 113,182 

1st file 55, 152 

M 

Mil 0 signal 264 
See also 101M signal 

machine code 23 - 24, 28 
macro 151 - 157, 159- 160, 170 

comments in macros 152 
invoking macros 151 
local names 155, 157 
macro definition 151 
macro expansion 151 

MACRO directive 151 
main memory 647 
map file 57 
maskable interrupts 413 
masking bits 93, 98 

in C language 116 
MASM program 54 - 55, 73, 224 
master 785 
MASTER signal 790 
master/slave configuration 421, 431 
math coprocessor 60 I 
matrix 

keyboard 542, 544, 551, 554 
maximum mode 241 
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MCA (microchannel architecture) 
See IBM MCA bus 

MCB (memory control block) 731 
MCE/PDEN signal 244 
MCGA adapter 488 
MD command 730 
MDA (monochrome display 

adapter) 122,486 - 487 
media descriptor byte 580 
medium 

See memory model 
megabyte 9 
MEM command 748 
memory 

access time 267,291,662, 
664,686 

addressing 276 - 280, 742 
banks 289 - 290, 643, 663 
See also cache 
cache memory 20 
capacity 266 
cycle time 660, 662, 686, 

692 - 693 
See also expanded memory 
expansion boards 745 
See also extended memory 
interfacing 289, 660, 663 
memory map 32, 280 
nonvolatile memory 267, 276 
organization 266, 665 - 666, 

692,699 
range 19 - 20, 224 
virtual memory 19 
volatile 271 

memory map 280 - 281, 742, 744, 
747,751 

of the 80286/386SX 3 15 
memory mapped 110 314 
memory model 74, 648 
MEMR signal 243,449,788, 791 
MEMW signal 238 - 239, 248 - 249, 

258, 277 - 278, 287 - 288, 449, 
788,791 

MFM (modified frequency 
modulation) 586 

MGA (monchrome graphics 
adapter) 124 

mickey 162 
microcontroller 

keyboard 542, 546, 551 
microprocessor 13 

80286 19 
80386 19 - 20 
80386SX 20 
80486 19 - 20 



8080/85 19 
8086 19 
8088 19 
Pentium 697 - 704, 711,764-

765, 961 - 962 
Pentium Pro 710 - 714 
table 20 

minimum mode 237,240 
miss 672 
MMX technology 715 - 716, 718 
MN/MX signal 240 
MODE 

C080 command 129 
LPTI command 56 

MODE command 516 - 517 
modem 509 

See also serial communication 
modular programming 194 
modules 194 

linking 197 
parameter passing 208 - 209 

monitor 
See CRT displays 
See also video 

motherboard 
See system board 

mouse 161 - 169, 726, 728 
button 167 - 168 
driver 161,169,921 
pointer 162 - 164, 168 - 169 
programmmg 161,921 - 923 
resolution 163 
sensitivity 162 

MOY instruction 24, 865 
MOVS instruction 865 
MOVSB instruction 185, 865 
MOVSW instruction 185, 865 
MOVSX instruction 639 
MOVZX instruction 639 
MRDC signal 243 
MSDOS 

See DOS operating system 
MSB (most significant bit) 95 - 96, 

III - 113, 174 - 175, 182 
MSDOS.SYS file 579,726 
MTBF (mean time between 

failures) 592, 777 - 780 
MUL instruction 89 - 90, 229, 865 
mu1tibyte processing 86, 88, 105 
multiplication 

signed 180 
table 90, 180 
unsigned 89 - 90 

mUltiprocessors 616, 703 

multiword 
85 
85, 175 

addition 
multiword processing 
music generation 394, 397 - 400, 

816 - 817 
MWTC signal 243 

N 

names 
See labels 

NEAR attribute 52, 64 - 66, 194, 850 
NEG instruction 865 
negative number representation 6, 174-

176 
nibble 9 
nibble mode DRAM 665, 669 
NMI signal 240,254,413,416,433, 

435,441 
NMOS logic family 760, 765 
nonmaskable interrupts 413,433 

See also NMI signal 
nonre-entrant procedures 736 
nonvolatile memory 267,276 
NOP instruction 865 
NOT instruction 87, 866 
NV-RAM (nonvolatile RAM) 276 

obj file 55 
object code 

o 

See machine code 
octal buffer 768 

See also 74xx244 
odd bank 3 10, 3 12 
OF (overflow tlag) 38, 65, 176 - 179, 

416 
OFFSET directive 889 
opcode 27 - 28, 41 
opening files 594 
OR instruction 93, 866 
ORG directive 69, 889 
OS/2 440,647,655, 746, 755, 776 
OSC signal 246 - 247, 787 
OUT instruction 400, 646. 866 
output 

string to monitor 130 
See also OUT instruction 

output ports 
Scc I/O 

overdrive technology 703 
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overflow 176 - 179, 181, 416, 639 
overscan 479 

p 

P286 directive 224 
P386 directive 224 
P486 directive 224 
P8086 directive 224 
packaging 963 - 965 
PAD (end of /Tame block) character 534 
PAGE directive 56, 889 
page directory 653 
page /Tames 744,752, 756 
page mode DRAM 665 
paging 651 - 653, 655, 745 
palettes 

See color palettes 
PARA attribute 891 
parallel communication 509 
parallel execution 702 
parity 38, 65, 286 - 288, 692, 700, 

776,778 
bit generator and checker 286 -

288 
partitioning disks 585 
PC Bus Extender 325 - 327 
PC DOS operating system 725 
PC Interface Trainer 327 - 329 
PCI (peripheral component 

interconnect) 798 
PCI local bus 799, 802 
PCK signal 288 
PCLK signal 246 
PEACK signal 254 
Pentium microprocessor 697 - 704 

711,764-765,961-962 ' 
Pentium Pro microprocessor 710 - 714 
PEREQ signal 254 
peripheral I/O 3 14 
peripheral interfacing 590 
persistence 480 
PF (parity flag) 38 - 39, 65 
PGA (pin grid array) packaging 634 
physical address 647 
physical pages 745 
pipelining 22, 691, 695 - 698 701 - 702 
pixel 127 - 128,478 ' 
plug and play 802 
PMOS logic family 
pointer registers 
pointers 

760, 765 
23 

80386 Assembly language 
636,639 

polling devices 337 
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POP instruction 67,866 
POPA instruction 633 
POPF instruction 867 
port addressing 316 

COM ports 517, 523 
DMA 450,452 
LPT ports 557 
of the 8237 460 
of the 8259 430 

ports 310 
80386 646 
aliases 316 
interfacing 316 - 319 
of the 8253/54 timer 387 - 388 
of the 8255 320 - 325 
parallel 562 - 564, 566 
See also port addressing 

POST (power on self test) 516, 557, 
726 - 727 

power supply 765,771 
powers of 2 267 
primary memory 266, 647 
primary storage 597 

printer 
See also RAM 

Centronics specifications 555 
control characters 560 
control signals 556 - 557 
DB-25 connector 557 
interfacing 554, 557 
LPT ports 557 
ports 559, 562 - 564 
programming 559, 561 
status signals 556 
time-out 560 
timing 561 

privilege levels 647 
PROC directive 52, 889 
procedure 52 

See also modules 
program counter II 
PROM (programmable ROM) 268 
PROMPT command 729 
protected mode 20, 251, 260, 301, 440, 

647 - 653, 655, 695, 746 
protocol 511,532,785 

asynchronous bus 785 
BISYNC 532 536 
bus 785 - 786 ' 
SDLC 532, 536 
See also serial communication 
synchronous 785 

PS/2 port 562 - 563 
pseudo-operations 

See directives 
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PSP (program segment prefix) 899 
PTR directive 89, 890 
PUBLIC directive 194 - 195, 197, 862, 

891 
PUSH instruction 
PUSHA instruction 
PUSHF instruction 

Q 

67,867 
633 
867 

QS (queue status) signals 242 
QWORD attribute 888, 890 

R 

RAM (random access memory) 9, II, 
32, 278, 282 - 283, 285, 288, 
647 
interfacing 297 
shadow RAM 748 
video display RAM 32 - 33, 123 

RAS signal 274 - 275, 287, 467, 663 
raster lines 482 
raster scanning 478 
raw data 737 
RCL instruction 113, 867 
RCR instruction 113, 867 
RD signal 238 - 239 
RDY/WAIl'signal 245 
re-entrant programs 736 
read cycle 255, 298, 300 
read-ahead buffer 729 
reading a file 594 
READY signal 240, 241 - 246, 

254,660 
real mode 20, 251, 254, 260, 280, 

301,635,639,695,746 
REFRESH signal 787 
register addressing mode 41 
register indirect addressing mode 42 
registers 11, 22, 221 - 222, 226 

32-bit 635 
80386 635 - 636 
80x87 607 
RISC 705 
table 23, 222 

REM command 730 
REP pretix 186 - 187 
RES signal 244 - 245 

reserved names 
table 896 - 897 

RESET DRY signal 787 
RESET signal 241, 244 - 245, 253 -

254,644,725 
resolution 479 
RET instruction 67, 867 
RGB (red green blue) monitors 481 
RI (ring indicator) signal 515 
RISC architecture 14, 704 - 709 
RLL (run length limit) 587 - 588 
ROL instruction 112 867 
ROM (read only memory) 1'1, 32 - 33, 

267 - 271, 275, 742 
adapter card ROM 742, 744 
BIOS ROM 270,282 ' 283 
burning 268 
data integrity 284 
mask ROM 271 

ROR instruction 111, 867 
rotate instructions 111 - 113 
rotational latency 586, 597 
RS-232 513 

See also serial communication 
RTC (real time clock) 820 
RTS (request to send) signal 515 
run length 587 

s 
SO, SI, S2 signals 242 - 243 
SAHF instruction 867 
SAL instruction 182, 868 
,SALL directive 152. 154 
SAR instruction 182. 868 
SBB instruction 88. 868 
scaled index addressing mode 634. 

637 - 639 
868 SCAS instruction 

SCASB instruction 
SCAS W instruction 
Schottky diode 762 

185, 189, 868 
185, 868 

scrolling the screen 123 
SCSI (small computer system 

interface) 590 
scuzzy 

See SCSI 
secondary storage 597 

See also disk 
sectors 572 - 574, 581. 729 
seek buffering 589 
seek time 586, 597 
SEGMENT directive 73 - 75, 201,891 
segmentation 648 - 651 
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segments 26 - 27, 29, 31,36,50, 
648, 651, 655 
alignment 891 
class 892 
code segment 27 - 28, 52, 201 
combine type 892 
data segment 29 - 30, 51, 75, 

185,201 
extra segment 32, 52, 185 
full segment definition 73 - 76, 

201 
overlapping 36 
overrides 44 - 45 
segment registers 23,27 -

30,34-35 
simplified segment definition 

50 - 52, 201 
stack segment 35,51,62 - 63, 

201 
semicolon comment indicator 50 
serial communication 

See also 8250 UART chip 
asynchronous 510 - 512, 531 
COM ports 516- 517 
013-25 513 
013-9 513 
duplex 510 
error checking 535 - 536 
framing 511 
handshaking 5 14 
interface standards 513 - 514 
line drivers/receivers 513 
modem 509, 515 
parity 512 
principles 509 - 512 
programming 518 - 520 
protocol 511, 532 
RS-232 513, 515 
signals 514 - 515 
simplex 510 
stop/start bits 511 
synchronous 510,531 

settling time 586, 597 
SF (sign flag) 38 - 39, 65, 178 
shadow mask 481 
shadow RAM 302,453, 748 
SHELL command 726, 729 - 730 
shift instructions 95 - 96 
SHL instruction 96, 182, 868 
SHORT directive 66, 892 
SHR instruction 95, 868 
S[ register 23,635 
sign bit 174 - 175, 602, 604 
sign extension 178 - 179, 639 
signal conditioning 379 
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signed number 
representation 174 - 176 

significand 602, 604, 623 
simplex transmission 510 

See also serial communication 
single density disks 587 
single precision data 60 I 
single-stepping 38,415 
SIZE directive 893 
slave 785 
SLOC protocol 535 

See also serial communication 
small 

See memory model 
SMEMR signal 258, 296 
SMEMW signal 258, 296 
SMM (system management mode) 771 
soft error 288, 776 - 777 
software interrupts 

See interrupts, software 
SOH (start of header) character 534 
SOIC packaging 773 

See also packaging 
SP register 23, 34 - 35, 414, 635 
speaker 394,734 
SPP port 562 
SRAM (static RAM) 271 - 275, 662-

664,672 
SS register 23,34 - 35, 241,635 
stack 33 - 35, 62, 67, 607, 609, 838 -

839 
stack segment 

See segments 
start bit 

See serial communication 
static column mode DRAM 665,669 
STC instruction 868 
STO instruction 185, 868 
stepper motor 362 - 368 
STI instruction 413, 868 
stop bit 

See serial communication 
STOSB instruction 185 - 186 
STOSW instruction 185 - 186 
string instructions 185 - [91 

table 185 
STROBE signal 556 
STRUC directive 893 
STX (start of text) character 534 
SU13 instruction 87, 869 
subprograms 

See modules 
subroutines 67 



subtraction 
hex 7 
signed 175 
unsigned 87 - 88 

superpipeline 697 - 698, 711 
superscalar 697 - 698, 70 I - 702, 711 
superset chips 943 
SVGA adaptor 491 
SWAP instruction 636 
SYNC character 534 
synchronous communication 

See serial communication 
SYS command 579 
system board 341,481,551,745, 

755, 796 
system bus 247 

T 

table processing 190 
tail pointer 553 
TASM program 54,73,224 
temperature sensor 378 - 380 
terabyte 9 
tenninals 

See CRT displays 
TEST instruction 869 
TEST signal 241 
text mode 124 - 125, 127 
TF(trapflag) 38,414-416 
timer 

timing 

tiny 

See 8253/54 timer 

80386 bus cycle 645 
burst cycle 693 
DMA 473 
DRAM 663, 665, 667, 671 
ISA bus 789 
of the 8253/54 40 I - 406 
printer 561 
read cycle 298, 300, 341, 343 
SRAM 663. 665 

See memory model 
TITLE directive 56, 894 
TLB (translation lookaside buffer) 652, 

654 - 655, 702 
tracks 573 - 574, 581 
transceiver 247 

See also 74xx245 
transducer 373 
transistors 760 - 761 

bipolar 760 - 761 
MOS 760 - 761 

transmission line ringing 775 
tri-state buffer 312 
trig functions 612 
TSR programs 731 - 732, .735 - 736, 

744,749,751,754 
TTL logic family 761 - 763 
two's complement 6, 174 
type command 56, 730 
TYPE directive 893 - 894 
typematic 551 

u 
UART 

See 8250 UART chip 
UMB (upper memory block) 741 - 743, 

746,749 - 751, 754 
UNDELETE command 730 
upper memory 741,743 - 745, 747, 

751,754 
USART 

See 8251 USART chip 
UV-EPROM 281 

v 
vacuum tubes 760 
VCC bounce 774 
VDR (video display RAM) 280, 282, 

481 - 482, 484, 486, 501, 742, 
744 

VESA local bus 798 - 799 
VGA (video graphics adapter) 122, 

124,489 
videb 

adapters 484 - 487, 489 - 490 
attribute byte 125 
character generation 496 - 497 
graphics mode 127 
graphics programming 498, 

501,503 
modes 122, 124, 490 - 491 
monitor quality 479 - 481 483 
pixel programming 128 
principles 478 - 483 
resolution 127 - 128 
screen 122 
screen handling 123 - 124, 129 
text mode 122 
text programming 491 - 494, 497 

. See also VDR(videodisplay RAM) 
Virtual 8086 mode 655 
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virtual memory 647 - 648, 702 
paging 648, 651 - 653, 655 
segmentation 648 - 651 

VL bus 798 - 799 
volatile memory 271 

w 
WAIT instruction 240,267,870 
WAIT state 291,296,299,660,788 
wann boot 725 
winchester disk 583 

See also disks 
word 9 
WOR n attribute 888, 890 - 891 
WR signal 238 - 239 
write cycle 300 
WR ITR signal 300 
writing to a file 593 

x 
X I, X2 signals 245 
.xALL directive 152, 154 
XCHG instruction 870 
XTOR signal 308 
XLAT instruction 190, 870 
XMS (extended memory 

specifications) 746 
XOR instruction 94, 870 

z 
zero-extend instructions 639 
ZF (zero flag) 38 - 39, 60, 65, 145, 188 
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